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The sole-source, unconfined, coarse-grained Missoula Aquifer underlies an urban, 
intermontane valley and supplies potable water for the City of Missoula. This study’s ' 
goal was to refine estimates of groundwater flow rates and aquifer hydraulic properties.
In addition, investigation of vertical gradients and Tertiary recharge to the aquifer were 
accomplished. Specific conductance, chlorofluorocarbons (CFCs) and tritium/helium-3 
(^H/^He) sampling of the groundwater was completed. In addition, historic head and 
chemical data from two well nests were analyzed and with the aid of a well packer, head 
differences were measured to determine presence of vertical gradients and distinct 
flowpaths. Finally, a numerical profile model was constructed to refine hydraulic 
properties and interpret the geochemical results. The results from the CFG analyses show 
that most of the groundwater samples have concentrations in excess of air-water 
solubility rendering them unsuitable for age-dating. The losing river had a CFG-12 
concentration of 345.8 pg/kg; the groundwater concentrations ranged from 345.8 to 
9,392.3 pg/kg. The highest GFG concentrations were detected immediately downgradient 
of areas containing 512 to >5,120 septic systems/mile^, suggesting that septic effluent 
and releases from improper disposal of GFCs may be potential sources of the excess 
GFGs. Tritium concentrations ranged from 8.67 to 13.13 tritium units (TU) indicating 
modem water. Preliminary age-dates range from —1.5 to 4.6 years. Noble gas results 
show elevated concentrations of terrigenic He, hindering ^H/^He age-dating analysis.
The source of the excess of He is unclear and the terrigenic ^He/'^He ratio needs to be 
resolved to refine ^H/^He ages. Preliminary analyses of weak, specific-conductance 
changes in the Glark Fork River and nearby wells suggest that observation of river 
recharge pulses may be useful as £in environmental tracer. However, resolution of river 
recharge pulses at nearby wells was poor due to a low spring runoff event and paired 
river-groundwater data sets showing clear significant differences were not observed. 
Hydraulic conductivity estimates from modeling ranged from 4,900 to 36,000 fVd. The 
calculated minimum velocity was 90 ft/d. Large discrepancies exist between model- 
simulated ages and ^H/^He age-dates at some sites. The upward leakage of Tertiary 
recharge into the overlying Missoula Aquifer may explain such discrepancies.
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Chapter 1: Introduction
Statement o f Problem
Nationwide there is a growing reliance upon groundwater resources for safe 
drinking water (Driscoll, 1986; Keeley, 1985; Postel, 1997; Speidel et al., 1988; Simon, 
1998). The Missoula Aquifer, in western Montana, has been designated a Sole Source 
Aquifer for the City of Missoula by the Environmental Protection Agency (HP A) 
(MCCHD, 1987). It is highly prolific, unconfined and vulnerable to contamination, 
lacking a continuous overlying protective unit. Effective management and care of this 
groundwater resource requires the use of reliable values of the aquifer parameters and 
identification and quantification of the aquifer recharge sources (Driscoll, 1986; 
Woessner, 1988). Initial work by Miller (1991), forms the framework upon which this 
effort is based. He derived zones of hydraulic conductivity and estimates of rates of 
recharge by the Clark Fork River.
Goals and Objectives
The goal of this research was to assess if the environmental tracers ^H/^He and 
CFCs, and conservative inorganic tracers could be used to refine estimates of the 
magnitude and distribution of hydraulic conductivity and velocities currently used in 
groundwater management models for the Missoula Aquifer (Miller, 1991; Land and 
Water, 1991). The specific objectives of this research were to;
•  Evaluate groundwater velocities, the hydraulic conductivity distribution and the 
presence of vertical gradients within the Missoula Aquifer, and
• Evaluate whether the underlying Tertiary sediments are an important recharge source 
to the Missoula Aquifer.
Thesis Organization
This thesis is broken into six additional chapters. Chapter 2 defines the study area 
and describes the topography, climate, geology and hydrogeology. Chapter 3 describes 
the concepts of age-dating groundwater using CFCs and ^H/^He. Chapter 4 presents the 
data collection methods. Chapter 5 describes the results. Chapter 6  contains the 
discussion. Chapter 7 states the conclusions and recommendations for further study.
Chapter 2: Site Location and Conditions 
Study Area
The 19 mile^ study area is within the Missoula Valley of northwestern Montana 
(Figure 1). The northern and southern boundaries are the Clark Fork River and the 
Sapphire Mountains, respectively. The eastern and western boundaries are the Sapphire 
Mountains and the Bitterroot River, respectively. The valley floor slopes gently to the 
west and southwest at approximately 12.5 ft/mile (2.4 m/km) (Woessner, 1988).
The Missoula Valley has a semi-arid climate. Winter weather is dominated by 
Pacific maritime air, with occasional cold continental air. The Missoula Valley, on 
average, receives 13.4 inches of rain and 48 inches of snow. The highest amounts of 
precipitation occur in May and June; the lowest amounts occur in February and March. 
Occasional storms in July and August may contribute significant amounts of precipitation 
(Woessner, 1988).
The Missoula Valley lies in a northwest-southeast trending intermontane 
depression that is believed to have formed from horizontal extension after Laramide 
thrusting during the middle Eocene time, 52 million years ago (Fields and others, 1985). 
The mountains surrounding the Missoula Valley range from 6,000 to 8,000 feet above sea 
level and are composed mostly of Precambrian siltstones, sandstones and mudstones from 
the metasedimentary Belt Supergroup. On the southern boundary are low foothills 
composed mostly of fine-grained sediments shed from the surrounding mountains during 
the Tertiary Period, 43 to 5.3 million years ago. The grain sizes range from clay to coarse 
gravel (Woessner, 1988).
î M k
&
'  ' ■: ^ \L 0 ‘ • f e
k ' W M Montana
S " ,  r " )  n ' v
Figure 1: Missoula Valley Location. Modified from LaFave (2000).
Two rivers, the Clark Fork and Bitterroot, are located within the study area. The 
Clark Fork River flows east out of Hellgate Canyon for approximately 12.7 miles 
meeting the Bitterroot River at Kelly Island 4 miles west of Missoula. The Clark Fork 
River has an average flow of 8,130 ft^/s (http://montana.usgs.gov/) and a gradient of 7.9 
ft/mile in the study area. The Bitterroot River flows north out of the Bitterroot Valley 
and flows for 7.75 miles from the Buckhouse Bridge before joining the Clark Fork River 
at Kelly Island. The Bitterroot River has an average flow of 2,950 ft^/s 
(http://montana.usgs.gov/) and a gradient of 0.65 ft/mile in the study area. Two streams 
drain into the study area. Pattee Creek from the southeast is ephemeral, disappearing into 
the valley floor before meeting either river. Rattlesnake Creek from the north flows into 
the Clark Fork River.
Hydrogeology
The following summary is taken mostly from Woessner (1988). The Missoula 
Aquifer can be divided into 3 lithologie units. An east -  west trending cross-section and 
location are shown in Figures 2 and 3. The top. Unit 1, is bouldery with sand and gravel, 
10-30 feet thick and located above the watertable. It is thought to have formed by 
aggrading glacial meltwater rivers during the late Pleistocene. The middle. Unit 2, is 
composed of silty, sandy clay with sand and gravel lenses; it is about 40 feet thick and 
discontinuous in places. It is thought to have formed from recurrent draining and filling 
of Glacial Lake Missoula in the Pleistocene. The bottom. Unit 3, is 50-100 feet thick and 
composed of coarse-grained sediments that further coarsen at the base of the aquifer. It is 
the most prolific layer of the aquifer. It is thought to have formed from channel lag, point 
bar and floodplain deposits of a large fluvial system during the Pleistocene or late
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Figure 3: Geologic Cross-section of the Missoula Aquifer. Modified from Morgan (1986).
Tertiary. The Missoula Aquifer is underlain by 2,500-3,500 feet of unconsolidated to 
semi-consolidated clay, sand and gravel deposited during the arid Tertiary period. This 
unit has such low water yielding capacity that it is not used for water supply in the valley 
bottom.
Estimated hydraulic conductivity values within the aquifer range from 4,500 to 
18,000 ft/d and the average velocity is 60 ft/d (Miller, 1991). Groundwater flows 
approximately southwest from the Clark Fork River towards the Bitterroot River (Figure 
4). This part of the Missoula Aquifer receives 83% of its recharge from the Clark Fork 
River (Miller, 1991) and discharges to the Bitterroot River. The Tertiary layer is a 
possible, unproven recharge source (Woessner, 1988).
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Figure 4: Study Area and Watertable Elevation On 6/21/99 • 6/28/99
Chapter 3: Environmental Tracers: CFCs and H/ He
Age-dating With CFCs
The following discussion is taken mostly from Busenberg and Plummer, (1992) 
and Plummer and Busenberg, (2000). Figure 5 briefly discusses the sources, sinks and 
transport of CFCs.
Chlorofluorocarbons (CFCs) are synthetic organic compounds used in a variety of 
industrial and domestic products. The chlorofluorocarbons, CFC-11 (CFCI3), CFC-12 
(CF2 CI2) and CFC-113 (C2 F3CI3), have long atmospheric lifetimes of 44, 180 and 85 
years respectively. Atmospheric CFC levels have steadily increased since initial 
production in the 1930s. Atmospheric levels from 1975 to the present have been 
continuously monitored; prior levels have been reconstructed from manufacturing, 
release and photolysis rates. Atmospheric CFC concentrations have been found constant 
over large areas due to their long lifetimes. As a result, temporal and spatial CFC 
concentrations in precipitation are known with a high degree of precision.
Ages are calculated by converting groundwater concentrations to atmospheric 
partial pressures via known solubility relationships and then comparing the atmospheric 
partial pressures to historic atmospheric CFC levels. The CFC solubility relationships 
require a recharge temperature at the base of the unsaturated zone. In unsaturated zones 
>5 m thick, the mean annual air temperature can be used since seasonal temperature 
variations will be less than 7% of the annual temperature variation at land surface (Cook 
and Solomon, 1997). In thin, unsaturated zones the recharge temperature can be 
calculated from dissolved N2 and noble gas concentrations (Busenberg and Plummer, 
1992).
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Figure 5: Sources, Sinks and Transport of CFCs
The calculated age is the time elapsed since the water has been isolated from the 
atmosphere and does not include travel time through the unsaturated zone. These ages 
should be considered minimum estimates due to the possibilities of groundwater 
contamination and contamination during the sampling process (Cook and Solomon, 
1997).
M easurement of CFCs
Measurement of CFCs begins by stripping the gasses from the water sample and 
collecting them in a cold trap at —30° C. The gasses are then heated and injected into a 
gas chromatograph coupled to an electron capture detector. The current detection limit is 
0.3 pg/kg (Plummer and Busenberg, 2000). Analytic error for CFC concentrations over 
50 pg/kg is approximately ± 3%. Analytic error in CFC ages is ± 4 years in an advective 
flow system without diffusion or dispersion.
Factors Affecting CFC Concentrations and Ages
Accurate ages cannot be obtained from groundwaters contaminated with CFCs. 
Contaminated groundwaters are defined as having concentrations higher than can be 
accounted for by atmospheric partitioning. CFC contamination can come from a number 
of sources. The occurrence and mechanisms of CFC contamination have not been well 
studied.
CFC contamination in groundwater systems has been traced to sewage effluent 
(Busenberg and Plummer, 1992). Urban and industrial areas may have elevated 
atmospheric CFC levels that can be transferred to precipitation £ind thus groundwater 
(Plummer and Busenberg, 2000). In addition, a rapidly transient watertable may trap 
excess air that eventually dissolves into the sample; younger CFC ages would result from
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the increased CFC concentrations (Plummer and Busenberg, 2000). Sampling methods 
and well construction may introduce excess air leading to younger calculated ages in 
samples (Plummer and Busenberg, 2000).
CFC sorption to the aquifer matrix, especially in aquifers with high organic 
carbon contents, can result in overestimates of groundwater ages. Also, anaerobic 
conditions may be conducive to microbial degradation of CFCs leading to overestimates 
of groundwater ages. Microbial degradation of CFCs may increase with increasing 
organic carbon content (Cook and Solomon, 1997). Over- and/or underestimation of 
recharge temperature and elevation, mixing of groundwaters and hydrodynamic 
dispersion also distort CFC ages.
Tritiuin/Helium»3 Age-dating
The hydrogen isotope, tritium (^H), is produced naturally in the atmosphere by 
cosmic ray bombardment of nitrogen. Tritium then reacts with oxygen to form the 
molecule ^H^HG (Clark and Fritz, 1997). Hydrogen isotopes do not appreciably affect 
the chemistry of the molecules in which they reside. Tritiated water does not react or 
sorb; it is considered a conservative tracer. Prior to the testing of thermonuclear 
weapons, natural levels in precipitation were estimated to be from 5 to 15 tritium units 
(TU) (1 TU = 1 atom per lO'* atoms of H or 1 molecule of ̂ H*HO in lO'^ molecules 
of 'H 2 O). With the start of above ground nuclear weapons testing in 1951 large 
quantities of atmospheric tritium were generated; thus tritium levels in precipitation rose 
quickly and peaked in the early 1960s (Clark and Fritz, 1997) (Figure 6 ). Michel, (1989) 
calculated temporal tritium concentrations in precipitation throughout the United States.
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Figure 6: Estimated Tritium In Precipitation For Western Montana, 1940-1983. Based on data from
Michel (1989).
The tritium peak in precipitation is reflected in some groundwaters and where 
detectable is an excellent marker of groundwater recharged in the early 1960s. However, 
the peak is becoming increasingly difficult to find due to decay, dispersion, diffusion and 
the required depth resolution.
Tolstikhin and Kamensky (1969) proposed the use of and its decay product 
helium-3 (^He) as a method to age-date groundwater. This method, the ^H/^He method, 
requires measurement of concentrations of and its decay product ^He. This method is 
independent of the historical input function (Clark and Fritz, 1997). It can only be 
used to date “modem” groundwaters, which are defined as groundwaters with detectable 
^H, generally less than about 50 years old. Figure 7 briefly discusses the sources and 
movement of and ^He in the atmosphere and subsurface.
M easurement o f H and ^He 
Tritium concentrations can be measured by scintillation counting after electrolytic 
enrichment (Ostlund and Dorsey, 1977) or by the He ingrowth method (Clarke et al., 
1976). Helium concentrations are measured by mass spectrometry (Rison and Craig, 
1983). Errors in age-dates from analytical uncertainties are usually less than 10% (Cook 
and Solomon, 1997).
When ^H enters the groundwater it begins to radioactively decay to ^He. Helium- 
3 produced by tritium decay is termed tritiogenic ^He. The tritiogenic ^He concentration 
increases with groundwater age. The groundwater age is defined as the time since 
recharge has intercepted the watertable and uninterrupted tritiogenic ^He accumulation 
begins.
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Figure 7: Sources and Movement of and ^He in the Atmosphere and Subsurface.
The age can be found from the equation:
t = V* * In [(^H etn/H )+ll (1)
Where t is the groundwater age in years, X  is the decay constant and equal to 5.576 x 
10'^/yr, ^Hetrit is the tritiogenic ^He concentration in TU (1 TU of ̂ He equals 0.402 
pcm^/kg of ̂ He) and is the measured tritium concentration in TU. Ages are calculated 
assuming plug flow. If no dispersion or mixing of groundwaters occurs, the ^H/^He age 
will accurately reflect the groundwater travel time since intercepting the watertable 
(Solomon et al., 1992).
Calculating the ^Hctrit Component 
The following discussion is taken largely from Solomon et al., (1992). To calculate 
the ^H/^He age, the ^Hetrit component must be separated from the measured ^He in the 
sample. Helium concentrations are composed of the partial isotopic concentrations of 
^He and "̂ He; each isotope has various sources.
The total "*He ("̂ Hetot) concentration in groundwater can be separated out as:
=  H C so t +  '*H eexcess +  ^ H C ra d  ( 2 )
Where:
• "̂ Hesoi is the portion o f '‘He from atmospheric partitioning. The solubility of 
atmospheric He is dependent on recharge temperature and recharge elevation. The 
recharge elevation is estimated and recharge temperature is calculated from N2 and Ar 
concentrations. The atmospheric ^He/^He ratio is 1.38 x 10'^ (Clarke et al., 1976).
• '‘Heexcess is the portion o f '‘He from excess air entrapment and is calculated from the 
concentration of dissolved Ne in excess of air-water solubility atmospheric and the
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atmospheric ^He/*He ratio. Heaton and Vogel, (1981) reported supersaturation of N 2 , 
Ar and Ne in groundwaters and proposed excess air entrapment as the mechanism.
• Radiogenic "*He ("̂ Hcrad) is the portion of "*He produced by alpha decay of minerals 
containing U and Th.
The total ^He concentration (^Hetot) in groundwater can be separated out as:
^ H etot =  ^H etrit +  HCgol +  ^HCexcess +  ^H e„uc +  ^HCman ( 3 )
Where:
• ^Hcsoi is the portion of ̂ He from atmospheric partitioning. The solubility of 
atmospheric He is dependent on recharge temperature and recharge elevation. The 
recharge elevation is estimated and recharge temperature is calculated from N 2 and Ar 
concentrations. The atmospheric ^He/^He ratio is 1.38 x 10'  ̂(Clarke et al., 1976).
• ^Heexcess is the portion of ̂ He from excess air entrapment, which occurs due to a 
rapidly rising watertable. ^Hê xcess air is calculated from the concentration of dissolved 
Ne in excess of air-water solubility and the atmospheric ^He/'^He ratio.
• Nucleogenic ^He (^Henuc) is generated by fission of ̂ Li neutrons produced from decay 
of U-Th series elements.
• ^Heman IS of mantle origin.
The nucleogenic ^He and radiogenic ^He components are collectively termed 
"terrigneic He”. Terrigenic He can be derived from the crust and/or mantle with ^He/*He 
ratios o f < 10'^ and ~10‘̂ , respectively. The terrigenic He component can usually be 
ignored due to its relatively small contribution to the total He concentration. The ^Henuc 
concentration is determined from the "̂ Herad concentration and the terrigenic He ratio. If 
large *̂Herad concentrations are calculated, then ^Hcnuc must be calculated. This is not
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easy because an accurate measure of the ^He/*He ratio of crustal-produced He for the 
specific aquifer is required; this ratio has been determined for few aquifers (Solomon and 
Cook, 2000).
Ideally, if "̂ Hesoi is the only source of "̂ He and no excess air entrapment occurs, 
then ^Hetrit can be calculated from:
~  H C m  ( R t= 0  ~  R s o l)  ( 4 )
Where ^̂ Hê  is the measured "̂ He concentration, Rt=o is the ^He/^He ratio of the 
groundwater at the time of sampling and Rsoi is the ^He/He ratio of water in isotopic 
equilibrium with the atmosphere.
During sample storage, tritiogenic ^He generation is ongoing. This generation is 
corrected for by the following:
Rw, = R m - (5)
Where Rm is the measured He/'He ratio, Ht=o is the tritium concentration at time of 
sampling and A/ is the time elapsed since sampling.
If excess air entrapment is suspected, ^Hetrit is calculated from:
— ("*Hetot * Rt=o) +  Rsoi C*Hesoi — "*Hetot) — ^Hcsoi] (6 )
Here a  ' is the air-water fractionation factor. Derivation of a  ' can be found in Solomon et 
al., (1992). If air bubble introduction from sampling is suspected, deriving the ^Hetrit 
component is complex and specific to the sampling method.
Error Sources
Possible error sources of the ^H/^He method include groundwater dispersion and 
mixing, excess air entrapment by a transient watertable and air bubbles introduced during
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sampling. Dispersion and mixing of distinct groundwaters will affect the calculated 
groundwater age.
A rapid watertable rise can trap soil air resulting in excess air entrapment (Heaton 
and Vogel, 1981). A rapidly descending watertable can cause ^He degassing, resetting 
the ^H/^He “clock”. Helium-3 accumulation does not begin until the watertable reaches 
its lowest position. Air bubbles can be introduced and entrapped during sampling, 
eventually the bubbles dissolve increasing the He concentration.
2 0
Chapter 4: Data Collection Methods
Sampling Locations
Sampling locations were selected to form transects along flowpaths between the 
Clark Fork and Bitterroot Rivers (Figure 8 ). Shallow/deep nested well pairs were 
targeted for sampling to allow comparison of flow and chemical characteristics with 
vertical position within the aquifer. The presence of well logs, total depth, well 
accessibility and owners consent influenced well choice. Most are monitoring wells, part 
of a monitoring network regularly used and maintained by the Missoula County Water 
Quality District. All well locations and well logs are in Appendix A. Wells were 
sampled for environmental tracers by the Montana Bureau of Mines and Geology 
(MBMO) with assistance from the author during spring runoff and baseflow conditions in 
1999.
Environmental Tracer Sampling
To obtain age-dates, CFCs and dissolved gasses were sampled with a copper 
bailer apparatus during spring runoff; later, dissolved gasses were sampled with diffusion 
samplers during baseflow conditions (Figure 9). Tritium samples were collected in glass 
bottles during spring runoff and baseflow conditions. Full details of the sampling 
methodology are found in Appendix C. Analyses were performed by the Isotope 
Geochemistry Laboratory at the University of Utah.
Tertiary Recharge Investigation
Recharge between the Missoula Aquifer and the underlying Tertiary sediments 
was assessed by taking in situ temperature and specific conductance measurements and 
measuring head differences between the two units. Also historical water levels and water
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Figure 8: Sampling Locations. Modified from LaFave, 2000.
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Figure 9: Copper Bailer and In-well Diffusion Sampler Schematics. Modified from LaFave (2000).
quality data in the Blaine/Crosby and Larchmont well nests were evaluated. The 
Blaine/Crosby and Larchmont well nests are the pairs of shallow and deep wells at the 
Blaine/Crosby and Larchmont sites (Figure 8 ).
The measurements were made in a well that had two distinct perforated intervals: 
one in the Missoula Aquifer and the second in what was presumed to be the Tertiary 
sediments (denoted as Chem/Pharm in Figure 8 ). A well packer was inserted between the 
two perforated intervals, thus permitting measurement of head in each unit. The injection 
well is part of a geothermal cooling system on the University of Montana campus. 
Appendix D contains full details of construction and use of the well packing device.
Historic water levels and water quality data from quarterly sampling by the 
Missoula City-County Health Department were obtained and plotted for the 
Blaine/Crosby and Larchmont well nests (both perforated in the Missoula Aquifer) to 
determine presence of vertical gradients in the Missoula Aquifer.
River Recharge Pulse Tracer Test 
In an attempt to assess flow velocities near the Clark Fork River, water samples 
were collected from the Clark Fork River at a walking bridge spanning an irrigation ditch 
on the north border of the University of Montana campus £ind at supply wells for the 
Music and Lodge buildings on the University of Montana campus. The supply wells 
were continuously pumping during the day. Samples were analyzed for specific 
conductance and the anions F', Cl', NO3 ' and 8 0 4 *̂ by standard methods at the Murdock 
Environmental Biogeochemistry Laboratory, University of Montana. Appendix E 
contains full details of the sampling methodology, analysis and QA/QC.
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Numerical M odeling
A numerical profile model orientated along a groundwater flow tube between the 
Clark Fork and Bitterroot Rivers, was constructed to refine hydraulic properties and 
interpret the geochemical results (Figures 10 and 11). MODFLOW (McDonald and 
Harbaugh, 1988) as incorporated in Visual MODFLOW 2.8.2.22® (Waterloo Hydrologie, 
Inc, 1999) was used to simulate groundwater flow. Next, the solute transport model 
MT3D (Zheng, 1990) as incorporated in Visual MODFLOW 2.8.2.22™ was used to 
model ^H/^He ages by simulating transport and decay through the model for a 2 -year 
period. The ages were modeled using a longitudinal dispersivity value ( a j  equal to 10 
ft. King, (1996) reported a maximum a t  value of 10 ft at a distance of 200 ft for the 
Missoula Aquifer.
Then, groundwater age profiles of the model-simulated ages at the Bitterroot 
River and Blaine/Crosby, South/Bancroft, Blaine/Crosby and Madison wells were 
constructed. A constant tritium source concentration of 10 TU was used for the Clark 
Fork River recharge.
Appendix G contains details of the model’s construction, grid, aquifer geometry 
and boundary conditions, initial head setup, calibration, capabilities and limitations and 
sensitivity analysis. The Basic Package file and Block Centered Flow file are included in 
a disk in the back.
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Chapter 5: Results
This chapter reports the results of this study. First, CPC concentrations and ages, 
’H/'^He ages and concentrations are listed and mapped. Next, results of the 
investigation of recharge by the Tertiary sediments and the River Recharge Pulse Tracer 
Test are reported. Finally, numerical modeling results are reported.
CFC Ages
Concentrations of CFC-12 obtained during the 1999 spring runoff are listed in 
Table 1 and mapped in Figure 12. Appendix C lists results of CFC-11 and -12 analyses. 
Table 1: CFC Data
Location CFC-12, pg/kg Recharge Year Ratio CFC-11/-12
Clark Fork River 408.68 1999 1.5
McCormick 345.80 1989 1.5
Emma Dickinson 559.81 Contaminated 1.4
Hawthorne 6 6 6 . 2 1 Contaminated 1 . 8
Tower 2,296.08 Contaminated 0.7
C.S. Porter 9,074.30 Contaminated 0 . 1
Humble/Mount 6,213.56 Contaminated 0.7
Madison 399.00 1999 2 . 0
Blaine/Crosby-s 906.83 Contaminated 0 . 8
Blaine/C rosby-d 960.03 Contaminated 0.7
South/Bancroft 679.51 Contaminated 1 . 2
Larchmont-s 9,392.29 Contaminated 0 . 1
Larchmont-d 1,926.10 Contaminated 0 . 6
s -  shallow, d -  deep
Atmospheric CFC-11 levels peaked in 1993 and have declined since. Hence, ages were 
not calculated using CFC-11 concentrations. The recharge year for each site was 
calculated assuming a recharge temperature and elevation of 5°C (41®F) and 1,500 meters 
(4,921.5 feet), respectively.
At all but three sites, the samples had CFC-12 concentrations in excess of air- 
water solubility. Due to the excess CFC concentrations, the MB MG discontinued CFC 
sampling. The sites where CFC concentrations were not found to be in excess of
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Figure 12: CFC-12 Concentrations (pg/kg) and Recharge Year. Modified from LaFave (2000).
air-water solubility were the Clark Fork River, McCormick Park and Madison St. sites. 
The remaining sites had CFC-12 concentrations ranging from 559.81 to 9,392.29 pg/kg. 
These sites are labeled as '"contaminated". Note: the EPA has not issued any Maximum 
Contaminant Levels (MCLs) for CFC-11 and -12 (Hinkle and Snyder, 1997).
Overall, concentrations differ by one order of magnitude. A general trend of 
increasing concentrations with increasing distance from the Clark Fork River is seen. At 
the Blaine/Crosby well nest, concentrations were 53.20 pg/kg lower in the shallow well. 
At the Larchmont well nest, concentrations were 7,466.19 pg/kg lower in the deep well.
The CFC-11/-12 ratio ranges from 0.1 to 2.0. At 7 of the 13 sites the ratio is <1.0, 
indicating relatively higher CFC-11 concentrations. The sites with ratios <1.0 are closer 
to the Clark Fork River with the exception of the South/Bancroft site. The remaining 6  
sites had ratios >1.0, indicating relatively higher CFC-12 concentrations. In a non­
contaminated system, a decrease in CFC-11/-12 ratios downgradient would be expected 
as CFC-11 adsorbs more readily to the soil matrix than CFC-12.
W H «  A g e s
Tritium/helium-3 ages are mapped in Figure 13 and listed in Table 2. The age at 
the Buckhouse Bridge represents the average o f field duplicates. The ^H, dissolved gas 
data and ^H/^He ages from spring runoff and baseflow sampling are displayed in 
Appendix C.
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Figure 13: Ages (years). Modified from LaFave (2000).
Table 2: H /He Ages
Site Age, yrs Error (±) Age Range, yrs
Clark Fork River 0 0 N/A
McCormick 1.7 1 0.7-2.7
Emma Dickinson -0.3 1 -1.3-0.7
Hawthorne -1.5 1.5 -3 -0
Tower 1 . 6 1 0 .6 - 2 . 6
Humble/Mount 2 . 2 1 1.2-3.2
Madison 0 . 6 1 -0.4- 1.6
Blaine/Crosby-s 2.7 1 1.7-3.7
South/Bancroft 0.4 1 -0.6 — 1.4
Larchmont-s 4.6 1 3.6 — 5.6
Larchmont-d 3.3 1 2.3-4.3
Buckhouse 2.9 1 1.9-3.9
s = shallow, d = deep
Similar ^He/He ratios were seen using the copper bailer apparatus and diffusion 
samplers. The R/Ra values (R/Ra = (^He/^He)smpi/(^He/^He)atm) for each sampling method 
were plotted against each other (Figure 14). Eighty percent of the points fall on or near 
the line, indicating good precision with the two methods.
Computed error related to age determination ranges from ± 1.0 to ± 1.5 years of 
the computed age. The reasons for such high error rates are put forth in Chapter 6 .
Overall, groundwater age increases downgradient from 0.6 years near the Clark 
Fork River to 3.2 years at the Buckhouse site and 2.2 years at the Humble/Mount site. 
Both are near the Bitterroot River. The Blaine/Crosby-shallow, Larchmont-deep and 
Larchmont-shallow wells yielded the greatest ages of 2.7, 3.3 and 4.6 years, respectively.
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Tritium concentrations are mapped in Figure 15 and listed in Table 3. 
Table 3: Tritium Concentrations
Location TU Range, TU
Clark Fork River 1 0 . 2 0 9.70- 10.70
McCormick 8.90 8.50-9.30
Mount: between Stephens & Russell 9.47 9.00-9.94
Emma Dickinson 8.67 8.24-9.10
Hawthorne 1 0 . 1 0 9.60-10.60
C. S. Porter 13.13 11.70-13.85
Tower 12.06 11.46-13.06
Humble/Mount 10.31 9.79- 10.83
Madison 1 1 . 2 1 10.65-11.77
Chem/Pharm 1 0 . 1 N/A
Blaine/Crosby-s 12.38 11.76-13.00
South/Bancroft 9.10 8.60 -  9.60
Fowler 1 1 . 2 0 10.64-11.76
Larchmont-s 1 2 . 1 0 11.50-12.70
Larchmont-d 10.90 10.40-11.40
Buckhouse 9.44 8.97-9.91
s = shallow, d = deep 
Values range from 8.67 to 13.06 TU. Overall, concentrations decrease 
downgradient from 10.20 TU at the Clark Fork River to 9.44 TU near the Bitterroot 
River. The Tower, Larchmont-shallow and Blaine/Crosby-shallow wells yielded the 
highest concentrations of 12.06, 12.10 and 12.38 TU, respectively.
Evaluation of Recharge By the Tertiary Sediments 
To assess the hypothesis of recharge from the underlying Tertiary sediments to 
the Missoula Aquifer, measurements of temperature, SC and head differences between 
the two units were made with assistance of Missoula City-County Health Department. 
Additionally, head differences and chemical trends were evaluated in the Blaine/Crosby 
and Larchmont well nests.
A downward gradient of -0.016 was seen in the Chem/Pharm well after the well 
packer had been in place more than half an hour (Appendix D). In situ temperature and
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Figure 15: Concentrations (TU). Modified from LaFave (2000).
s c  measurements made between the two perforated intervals are summarized below in 
Table 4.
Table 4: Temperature and SC Values
Depth, feet Temperature, ®C SC, u mhos/cm
1 2 0 9.3 316
150 9.2 328
No QA/QC analysis was performed on these instruments and the instrument’s accuracy 
and precision are unknown. Without error analysis, it is impossible to determine if the 
temperature differences are significant. Error of the SC meter used in the river recharge 
pulse tracer test was 3%. Applying this error, the differences in SC values found in the 
Chem/Pharm well are not significant. Appendix D contains the full data set.
Head differences at nested well sites were plotted with both the Clark Fork River 
and Bitterroot River discharges, separately for the Blaine/Crosby and Larchmont well 
nests (Appendix F). The head difference was calculated as:
head difference = hj -  hs 
where hs and hj are the heads in the shallow and deep wells, respectively. Positive and 
negative head differences indicate upward and downward vertical gradients, respectively. 
The head measurement error was assumed to be 0.14 ft; the resulting head difference 
error was 0.28 ft. Periodic vertical gradients are seen, which range from -0.44 to 0.015 
and from —0.015 to 0.0081 for the Larchmont and Blaine/Crosby well nests, respectively. 
Stronger vertical gradients were observed at the Blaine/Crosby well nest. No pattern of 
vertical gradient occurrence and river discharge was noticeable.
Next, for each significant vertical gradient, the head difference and discharge data 
for the previous 10 days were plotted for the Clark Fork and Bitterroot Rivers in an 
attempt to identify patterns between river discharge and the direction of vertical gradients
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(Appendix F). The highest upward gradient frequency seemed to occur during or close to 
spring runoff events. During baseflow conditions, vertical gradients were occasionally 
observed, however, they varied from —0.66 to 0.44.
Evaluation of Chemical Trends of W ell Nests
Finally, chemical trends and head for the shallow and deep members of each well 
nest were plotted to identify geochemical differences between the wells at each well nest 
and to infer flowpaths (Appendix F). It was hypothesized that if Tertiary recharge is 
occurring, higher constituent concentrations may be seen in the deep well. However, 
higher constituent concentrations are seen historically at the shallow wells. Despite the 
sparse data, some general trends can be seen just before and during spring runoff.
At the Blaine/Crosby well nest Na^, K^, Mg^^, C l, S0 4 ‘̂, NO3 ' and HCO3 
concentrations generally increase at both wells during spring runoff relative to baseflow 
conditions. Ca^^ generally decreases slightly at both wells.
At the Larchmont well nest, Na^ and demonstrate no significant trends.
During spring runoff, Ca^^ concentrations are generally lower in the shallow well and 
higher in the deep well. Mg^^ and HCO3 generally increase in the shallow well and 
decrease in the deep well. CF and NO3 generally decrease in both wells. S0 4 ’̂ generally 
increases in both wells.
River Recharge Pulse Tracer Test
The use of changes in surface-water quality and groundwater recharge as a tracer 
to determine groundwater travel times was inconclusive. Modeling demonstrated the 
drawdown from both wells pumping pumping continuously for 180 days to be < 0 . 0 1
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feet. Only TDS and Cl may show significant differences and could be used as tracers of 
river chemistry.
Graphs of temporal TDS and Cl concentrations from the Clark Fork River 
(NWB), Music and Lodge sites as well as Clark Fork River discharge are shown in 
Figures 16 and 17 (Appendix E). A plot of TDS vs. Cl is shown in Figure 18. This plot 
shows distinct clusters of values for each site, thus proving there were discernable 
differences in Cl between the Music and Lodge sites and the NWB site.
Error of the TDS measurement was 3% from field duplicates taken at the Clark 
Fork River and encompassed TDS variations during the day. At the supply wells of the 
Music and Lodge buildings, located 1,600 and 2,650 ft downgradient of the Clark Fork 
River, TDS concentrations were consistently higher than in the Clark Fork River. 
Unfortunately, minor variations in river water TDS were not clearly discernable at these 
wells. Significant differences between the wells were seen only during 4 of the 12 well 
sampling events. Sitewise, only measurements made before the beginning of July 
showed differences beteween sampling events.
Error of Cl concentrations was 1.1% from lab duplicates. No error analysis was 
performed on field replicates. Flux patterns of groundwater chemistry in the wells 
appeared to have matched the Clark Fork River during the period of 6/21 — 7/16 (Figure 
19). However results are within possible sampling and analysis error. No attempts were 
made to estimate groundwater velocities from these data.
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Numerical Profile Model
Selected areas within the calibrated model are shown in Figures 20 and 2 1 . The 
final aquifer parameter estimates for steady-state conditions are listed below in Table 5. 
Velocities were estimated using MODPATH (Pollock, 1989) as incorporated in Visual 
MODFLOW 2.8.2.22^“.
Parameter Estimated Values
Kx 4 ,9 0 0 -3 6 ,0 0 0  ft/d
Velocities Min, Max, Avg = 91, 147, 134 ft/d
Vertical gradients Clark Fork River: -0.0015; Bitterroot River: +0.0012
Flux 51,340 ftVd
Steady-state calibration was achieved by adjusting the magnitude and distribution 
of hydraulic conductivity values. No attempt was made to calibrate hydraulic 
conductivity values based on the variability of aquifer sediments described in well logs 
for wells located within the study area. Hydraulic conductivity values for calibrating the 
model were adjusted so that heads, vertical gradients and estimated flux rates were 
simulated (Appendix G). Estimated flux rates were computed based on the work of 
Miller, (1991) and assumed to be entirely from river leakage. Computed hydraulic 
conductivity values are dependent on the recharge rate used.
The steady-state flow model was calibrated by varying the hydraulic conductivity 
distribution until the model matched the following three criteria:
• Measured water levels in the deep wells of the Blaine/Crosby and Larchmont well 
nests during spring runoff sampling in 1999.
• Estimated flux through the model cross-sectional area, described above.
• Vertical gradients near the Clark Fork River approximating those observed by Peery, 
(1988).
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The observed and simulated heads are compared in Table 6 below.
W ell Observed Head, feet Simulated Head, feet Difference, feet
Blaine/Crosby-d 3144.65 3145.21 -0.56
Larchmont-d 3131.53 3130.62 0.91
s = shallow, d = deep
The mean absolute error (MAE) of the calibrated water levels is 0.73 feet. The simulated 
flux was 51,342 ft^/d. Estimated flux ranges from 38,512 to 57,768 ft^/d. Vertical 
gradients reported by Peery, (1988) and simulated vertical gradients are compared in 
Table 7.
Area Reported Vertical Gradients Simulated Vertical Gradients
Clark Fork River 0.004-0.01 0.0015
Bitterroot River N/A -0 . 0 0 1 2
To evaluate the uncertainty error of the calibrated model results due to uncertainty 
of estimated aquifer parameters and estimated saturated thickness, sensitivity analyses 
were performed for head, flux, vertical gradients at the Clark Fork River and average 
velocities (Appendix G). As an example, for average velocity, saturated thickness was 
varied ± 10  feet, hydraulic conductivity by ± 50 % and porosity by + 0.15 and -0.1 ; the 
results of this sensitivity analysis are displayed in Figure 22.
This model calculated a minimum groundwater velocity of 90.5 ft/d by particle 
tracking. The corresponding travel time through the model area is 231 days. Miller, 
(1991) reported a groundwater velocity of 60 ft/d. The corresponding travel time through 
the model area using his velocity is 366 days.
The hydraulic conductivity distribution of the current groundwater management 
model for the Missoula Aquifer (Miller, 1991) was projected into the model area of this 
study and compared to that of this study’s model (Figure 23). The hydraulic conductivity
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values of the calibrated model are two to three times higher than reported by Miller, 
(1991), except in the vicinity of the Clark Fork River where it is nearly half as much.
Results of simulating decay and transport through the model are listed in Table 
8 . Visual MODFLOW 2.8.2.22^'^ (Waterloo Hydrologie, Inc, 1999) simulated decay 
using equation 1 ; the decay rate was set equal to 1.5278 x 10~̂ /d. The longitudinal 
dispersivity (a t) value was equal to 1 0  feet and the vertical dispersivity (ay) was equal to
0.033(aL).
. , o. ^_________•_______r  . . ____, A__________. 3wT 3,w *___t»____________   \
Location M odel-Simulated Age Range* H /H e  Age Range
Madison 1 .0 -6 .6 -1 4 6 -5 8 4
Blaine/Crosby-s 2 7 .4 -2 9 .8 621 -  1351
Blaine/Crosby-d 2 7 .4 -2 9 .8 N/A
South/Bancroft 47.9 -  49.9 -2 1 9 -5 1 1
Larchmcnt-s 121 -  129 1 ,3 1 4 -2 ,0 4 4
Larchmcnt-d 121 -  129 8 4 0 -  1570
Buckhouse 2 8 6 - 3 1 8 6 9 4 -  1,424
s = shallow, d = deep.
* Range of ages throughout depths of aquifer.
From the model-simulated ^H/^He ages, groundwater age profiles were 
constructed for the Madison, Blaine/Crosby, South/Bancroft, Larchmont wells and also 
near the Bitterroot River. Appendix G contains all the age profiles listed above. As an 
example, the Bitterroot River age profile when a t  equals 10 feet is shown in Figure 24. 
A high degree of age stratification is visible. Ages increase from 286 days at the top of 
the aquifer to 333 days at the aquifer base.
48
C0
1
LU
.ir- ■ ; ---A
Groundwater age profile in days for calibrated model. Bitterroot River and area approximately 100 ft upgradient are shown. Inactive region is dark 
and bounds water table. Dotted rectangle is a constant head boundary representing the Bitterroot River. Contours represent groundwater age in
days
200 210 261
Figure 24: Groundwater Age Profile of Calibrated Model Near the Bitterroot River
Chapter 6: Discussion
This project attempted to refine the magnitude and distribution of hydraulic 
conductivity values and velocities used in the current groundwater management model 
(Miller, 1991). The approach to reaching this goal included measuring river recharge 
pulses and groundwater response, and age-dating groundwater using CFCs and the 
^H/^He method. It was hoped that these methods would yield new and improved 
estimates o f groundwater velocity within the aquifer and allow for calculation of 
associated hydraulic conductivity values. These new values would be evaluated by using 
them as input parameters to a numerical model. Modeling results would then be 
compared to assess how well the model calibrated with these revised values and 
contrasted with the results of Miller (1991). This attempt was partially successful. The 
following discussion will attempt to explain the shortcomings and implications of the 
effort on refining our understanding of how the Missoula Aquifer functions.
Numerical Profile Model
Groundwater ages, gathered from the CFC and ^H/^He age-dating results, were to 
be used as one set of calibration criteria for this model. However, due to problems with 
these methods, presented in the results and discussed later in this chapter, the model was 
calibrated to physical parameters in order to refine hydraulic properties. The following 
sections discuss the reasons for choosing a profile model, the means of calibration and 
the final hydraulic conductivity distribution. The model results are then compared and 
contrasted with the current groundwater management model (Miller, 1991).
A profile model was chosen so that detailed hydraulic conductivity refinements 
with depth could be made and vertical flow could be assessed.
50
The model was calibrated using what were considered reasonable estimates of 
hydraulic conductivity. Hydraulic conductivity values within the same order of 
magnitude as those reported by Miller (1991) were considered reasonable. Hydraulic 
conductivity values reported by Miller (1991) result both from aquifer tests and his 
calibrated model. The calibrated hydraulic conductivity distribution is not believed to be 
a unique solution to the calibration criteria. Another hydraulic conductivity distribution 
may calibrate the model. Saturated thickness may also be varied over the model area to 
help achieve calibration; however, this parameter is better constrained than the hydraulic 
conductivity.
Comparison o f M odels
The calibrated model produced different flow velocities than the current 
groundwater management model. The following section compares and contrasts the 
results and the notable differences between this model and the current groundwater 
management model (Miller, 1991).
The hydraulic conductivity distributions of this model and the current 
groundwater management model contrasted strongly. The hydraulic conductivity values 
of this model are approximately two times greater than reported by Miller (1991), except 
in the vicinity of the Clark Fork River where the hydraulic conductivity of this model is 
4,900 ft/d vs. 9,000 ft/d (Miller, 1991).
Flow velocities differed between the models but were within the same order of 
magnitude. This model calculated a minimum flow velocity equal to 90.5 ft/d and a 
travel time through the model area equal to 231 days. Miller (1991) reported a flow 
velocity of 60 ft/d; using this velocity the calculated travel time through the model area is
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366 days. The model-calculated flow velocities are dependent on their respective 
hydraulic conductivity distributions.
Under steady-state conditions, the model was calibrated to three criteria; 
estimated flux through the model area, vertical gradients near the Clark Fork River 
(Peery, 1988) and head measurements. Miller (1991) calibrated his model under steady- 
state and transient conditions, by varying the hydraulic conductivity distribution based on 
a number of aquifer tests, to two criteria: head measurements and the length of the losing 
stretch of the Clark Fork River visible on potentiometric maps. Under transient 
conditions. Miller (1991) calibrated his model to head measurements only, by varying the 
stage of the Clark Fork River. The mean absolute error of this model is 0.73 feet. Miller 
(1991) reported mean absolute errors ranging from 0.43 to 1.01 feet from steady-state and 
transient simulations.
Miller (1991) reported five hydraulic conductivity zones and four hydraulic 
conductivity values. This model had seven hydraulic conductivity zones and seven 
hydraulic conductivity values. Both models were two-dimensional. However the profile 
model also accounts for differences in vertical hydraulic conductivity, simulating 
anisotropic conditions
Based on these comparisons, hydraulic conductivity values and flow velocities 
within the valley may be higher than previously thought. Further evaluation of this 
argument will require additional modeling efforts of flowpaths in other areas of the 
valley.
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River Recharge Puise Tracer Test
The use of river recharge geochemical puises to calculate velocity and hydraulic 
conductivity near the Clark Fork River was inhibited by the lack of contrast between the 
river and groundwater chemistry. This method holds promise and should be evaluated 
again during a period of snowmelt and/or a normal spring runoff event to evaluate if 
significant differences in groundwater chemistry can be observed. If so, refined estimates 
of groundwater velocity may be possible. During a normal spring runoff, the higher 
discharge and resulting large recharge pulse would hopefully result in a stronger contrast 
between the river and groundwater chemistry.
Age-dating With CFCs
Standard use of CFCs to age-date groundwater in the Missoula Aquifer was 
ineffective because all but two of the wells had concentrations in excess of air-water 
solubility. The literature suggests that one possible source of CFC loading to 
groundwater could be from CFC contaminated sewage (Busenberg and Plummer, 1992; 
DeWalle et al., 1985). Additional sources of CFC contaminants may be from degreasers 
and refrigerants that have entered the environment.
An attempt was made to examine if septic system effluent recharging the aquifer 
could be a source of the high CFC-12 concentrations observed. The CFC-12 
concentration that would have to be present in a single septic effluent source, in order to 
achieve the observed concentrations in aquifer groundwater, was estimated. First the 
CFC-12 mass in the Missoula Aquifer was calculated. Then, the CFC-12 mass 
contributed by the Clark Fork River was subtracted. Finally, given that 1.) 4,186 
unsewered units exist in the study area (MCCHD, 1996) and 2.) the average septic
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effluent discharge is 200 gal/d (Ver Hey, 1987), the average CFC-12 concentration in 
septic effluent was calculated to equal 1.27 x 10* pg/kg. Details are described in 
Appendix C. When the average CFC-12 concentration in septic effluent calculated in this 
study is compared to the measured values from Busenberg and Plummer (1992) and 
DeWalle et al. (1985) (Table 9), it is seen that the computed value is similar to those 
reported in the literature.
Table 9: Comparison o f CFC-12 in Septic Effluent
Study CFC Concentrations (pg/kg)
Busenberg and Plummer, (1992)
3.43 X 10" -  2.814 x 10̂  pg/kg In surface waters below  
sewage disposal ponds and sewage returns.
DeWalle et al., (1985) 6.4 X 10* pg/kg in household septic effluent.
This Study 1.27 X 10* pg/kg
In addition to this estimate, CFC-12 concentrations tend to increase down 
flowpath (Figure 12). This may be a result of septic system effluent recharge as the 
number of septic systems/mile^ increase downgradient (LaFave, 1999).
Note in Figure 25 that in the area west of the highest septic density (>5,120 septic 
systems/mile^ (Land and Water, 1996)), 4 of the 5 wells have CFC-12 concentrations one 
order of magnitude higher than sites to the east (LaFave, 1999).
Additionally, higher inorganic constituent levels, believed to be indicative of 
anthropogenic recharge (Appendix F), are observed in the shallow wells of the 
Blaine/Crosby and Larchmont well nests. Woessner et al. (1996) observed elevated 
inorganic constituent levels in the aquifer downgradient of septic systems.
Based on these analyses, the elevated CFC-12 values observed in the Missoula 
Aquifer may reflect widespread aquifer recharge by septic effluent. Further 
strengthening of this argument would require actual sampling of septic system effluent
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Figure 25: Septic Tank Density. Each dot represents one septic system. CFC-12 concentrations
pg/kg. Modified from Land and Water (1996) and LaFave (2000).
for CFCs. If sufficiently high concentrations of CFCs are not measured, another source 
of CFC contaminants is needed.
^H/^He Age-dating
The ^H/^He method was also applied to age-date groundwater in the Missoula 
Aquifer. Despite the large error associated with the ^H/^He ages, the overall trend of 
increasing age downgradient fits the conceptual flow model. However, age resolution 
prohibits calculation of groundwater velocities based on these ages. The use of the 
^H/^He age data was hampered by the discovery of what appears to be excess terrigenic 
He in the groundwater. First, analysis of this issue is presented. This discussion is then 
followed by a comparison of computed ^H/^He ages and attempts at simulating ^H/^He 
ages using the calibrated profile model.
Excess Terrigenic He
In most samples the measured concentrations of terrigenic He were higher than 
expected. "*Herad concentrations ranged from 2.00 x 10'  ̂to 4.20 x 10‘* ccSTP/g 
(Appendix C) vs. commonly reported values of 1.03 x 10*̂  to 1.31 x 10'^ ccSTP/g (Pope 
et al., 1998). Groundwater age-dating studies of an alluvial aquifer near Dillion, MT 
(Pope et al., 1998) and of a vesicular, broken-basalt aquifer in south-central Idaho 
(Plummer et al., 2000) have also encountered high concentrations of "̂ Herad ranging from 
1.11 X  10'^ to 1.64 X  10*̂  ccSTP/g. Age errors ranged from ± 1.0 to ± 1.5 years vs. 
commonly reported age errors of ± 0.24 to ± 0.36 years (Pope et al., 1998).
The presence of excess terrigenic He hampered calculating ^H/^He ages with a 
high degree of precision by making the terrigenic He terms in equations 2 and 3 
significant. After solving the ^He mass balance equation (2) for the '̂ Hê ad concentration.
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the Heterr concentration can be solved for from the "̂ Herad concentration and the terrigenic 
^He/He ratio. The terrigenic ^He/*He ratio is unique to each aquifer; its value is 
contingent on the geology and mineralogy of the aquifer.
An association may exist between the high terrigenic He concentrations and radon 
(^^^Rn) levels in the Missoula Aquifer. The decay of to includes the daughter 
product ^^^Rn and eight *̂He atoms, among others (Faure, 1986). Therefore it is possible 
that high terrigenic He concentrations would result from decay.
The "̂ Herad concentration ranges are mapped in Figure 26 and listed in Table 10. 
The percent relative standard deviation of field duplicates at the Buckhouse well was 
considered to be the error of these measurements and is ± 25%.
Table 10: "*Herad Concentrations and Ranges_________________
_______ Site_________Heraj (ccSTP/g) Herad Range(ccSTP/g)
Clark Fork River 0 0
McComick 1.3 X  10 * 9.8 X 1 0 » — 1 . 6 X 1 0 *
Emma Dickinson 2.80 X  10 * 2 . 1 X 1 0 * — 3.5 X 1 0 *
Hawthorne 2.00 X  10 * 1.5 X 1 0 *— 2.5 X 1 0 *
Tower 1.70 X  10 * 1.3 X 1 0 *— 2 , 1 X 1 0 *
Humble/Mount 1.30 X  10 * 9.8 X 1 0 »— 1 . 6 X 1 0 *
CS Porter 2.5 X  10 * 2 . 6 X 1 0 *— 4.4 X 1 0 *
Madison 4.2 X  10 * 3.2 X 1 0 *— 5.2 X 1 0 *
Blaine/Crosby-s 4.0 X  10 * 3.0 X 1 0 * — 5.0 X 1 0 *
South/Bancroft 2.0 X  10 * 1.5 X 1 0 *— 2.5 X 1 0 *
Larchmont-s 1.6 X  10* 1 . 2 X 1 0 *— 2 . 0 X 1 0 *
Larchmont-d 2.1 X  10* 1 . 6 X 1 0 *— 2 . 6 X 1 0 *
Buckhouse 5.0 X  10 * 3.8 X 1 0 » — 6.3 X 1 0 »
Buckhouse* 3.5 X  10 * 2 . 6 X 1 0 » — 4.4 X 1 0 »
s = shallow, d = deep, *-duplicate, error = ± 25%
Along the modeled aquifer flowpath, differences in "̂ Herad concentrations are 
indistinguishable between the Madison and Blaine/Crosby-shallow wells and between the 
South/Bancroft and Larchmont wells. Overall, "̂ Herad concentrations decrease down 
flowpath.
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Figure 26: *He^d Concentration Ranges; Error is +/- 25%.
Possible sources of radon and ^Hcrad (and consequently ^Heterr) include faults, 
volcanic ash deposits, granites, clays and silts (Ward, 1997). The Clark Fork Fault 
crosses the Rattlesnake Valley; faults exist along the base of the Tertiary hills on the 
north and south sides of Missoula (Ward, 1997). The alluvium that forms the Tertiary 
hills surrounding the study area is partially composed of volcanic ash, coal, clay and silt 
(Woessner, 1988; Geldon, 1979). Ward (1997) reported higher radon levels along the 
South Hills and in the Rattlesnake Valley. Granite cobbles, possibly shed from the 
Bitterroot Mountains, exist in the riverbed and associated sediments of the Bitterroot 
River in the southwest portion of the study area. These granite cobbles may contribute 
the smallest quantities of "*Herad since concentrations are lowest at the Buckhouse well. 
The Tertiary sediments below the Missoula Aquifer are partially composed of clay 
(Woessner, 1988) and may be a source of "̂ Herad; clays are generally higher in uranium 
than sands and gravels (Ward, 1997). The Missoula Aquifer sediments, composed of red 
and green siltstones (Woessner, 1988) are not likely to produce "̂ Hcrad- If either the 
Missoula Aquifer or Tertiary sediments generate ^Herad, concentrations would be 
expected to increase or remain the same down flowpath. Instead, "̂ Hcrad concentrations 
decrease signiflcantly down flowpath, as seen above, indicating "̂ Hcrad generation is 
unlikely. However the effects of dispersion may mask any "̂ Herad generation if "̂ Herad is 
being introduced in a more localized area.
Identifying the sources of terrigenic He and modeling of terrigenic He generation 
and transport are needed to help resolve this issue. To gain better age precision, the 
terrigenic ^He/'^He ratio for the Missoula Aquifer must be determined. In an attempt to 
resolve the terrigenic ^He/^He ratio of the Missoula Aquifer, water samples from Tertiary
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wells and samples of Missoula Aquifer and Tertiary sediments have been sent to the 
Isotope Geochemistry Laboratory of the University of Utah for analysis. These data were 
not available at present. When available, the data will allow for refinement of the 
groundwater ages.
Discrepancies Between the Model-simulated and H /H e  Ages 
The model-simulated ages were used to check the ^H/^He ages. Model-simulated 
ages generated by the calibrated model when a t  = 10 ft are listed in Table 11 and 
compared to the apparent ^H/^He age ranges.
^  . o _______________ ; _________________________________________________________  j  a ________________ a  A _ _  n ___________    \
Location Model-Simulated Age Range* Apparent H/He Age Range
Madison 1 .0 - 6 . 6 -146-584
Blaine/Crosby-s 27.4 -  29.8 621 -  1351
Blaine/Crosby-d 27.4-29.8 N/A
South/Bancroft 47.9 -  49.9 -219-511
Larchmont-s 121 -  129 1,314-2,044
Larchmont-d 121 -  129 840- 1570
Buckhouse 286-318 694- 1,424
s = shallow, d = deep.
* Range of ages throughout depths of aquifer.
The ^H/^He ages simulated by the calibrated model fit within the range of ̂ H/^He 
ages only at the Madison and South/Bancroft sites. However, at the Blaine/Crosby- 
shallow and Buckhouse wells and the Larchmont well nest, the model-simulated ages are 
one order of magnitude younger than the apparent ages. A transient model, simulating 
temporal gradient variations, may result in groundwater ages that more closely agree with 
the ^H/^He ages.
In an attempt to explain the apparent discrepancies between the model-simulated 
ages and ^H/^He ages, three simulations were run:
• Hydraulic conductivity was uniformly decreased by 50% over the model area. This 
resulted in a decrease of flux of 50 % and a corresponding reduction in transport
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velocity. This scenario was attempted to account for uncertainty in previous 
computed values of flux and hydraulic conductivity (Miller, 1991). 
ttL was increased from 10 feet to 300 feet in the calibrated model to test the 
hypothesis that high dispersion values may spread the concentration front and result 
in lower concentrations at the Bitterroot River, thus apparent older ages. 
Combining the two scenarios above, the hydraulic conductivity was uniformly 
decreased by 50% over the model area and a t  was set at 300 feet. The resulting 
model-simulated ^H/^He ages at the Bitterroot River in days are listed below in Table 
12 .
Table 12. Highest Model-simulated H /H e Ages (Days) Using Alternative Parameter 
Values.
Parameter Values Age at Bitterroot River Measured H /H e Age Range
K-50%, ttL= 10 ft 458
Calibrated K, a t  = 300 ft 360 694- 1,424
K-50%, (XL =300 ft 485
All of the model-simulated ^H/^He ages are younger than the apparent ^H/^He 
ages at the Bitterroot River (Table 9). Therefore the age discrepancies cannot be 
explained either by the error associated with the calculated hydraulic conductivity value 
reported by Miller (1991) and/or a higher value.
Other possible mechanisms that would result in older ^H/^He ages than those 
supported by physical process modeling include ^H-free water from the underlying 
Tertiary sediments mixing with recharge water. In equation (1) as the concentration 
decreases the groundwater age increases. The older ages may also be due to longer 
flowpaths through zones of lower hydraulic conductivity. Recharge from the Bitterroot 
River during spring runoff may cause the ^H/^He age at the Buckhouse Bridge well to be 
younger than at the Larchmont well nest.
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Radiocarbon dates gathered within the Tertiary sediments by Konizeski and Alt, 
(1972) are hundreds to thousands of years old. If these ages are reliable, then Tertiary 
water is ^H-free and mixing of this water with the younger Missoula Aquifer water would 
result in artificially lengthening computed ^H/^He ages.
Conceptually, regional flow from the mountains and Tertiary hills surrounding the 
study area is recharging the Missoula Aquifer and would most likely exit the sediments in 
the valley. The following section explores this possible influence.
Influence of ̂ H-free Tertiary Recharge on H / H e  ages 
Tritium concentrations down flowpath in the model area were modeled using the 
radioactive decay equation (1). The decay rate was 1.53 x 10'"̂ /d. It was assumed that 
groundwater velocity was 90.5 ft/d, 100% of Missoula Aquifer recharge was from the 
Clark Fork River and concentrations in recharge were constant. The results are listed 
in Table 13 cind compared to measured values.
Site Modeled H (TU) Measured H (TU)
Clark Fork River 1 0 . 2 0 9.70-10.70
McCormick 1 0 . 2 0 8.50-9.30
Emma Dickinson 1 0 . 1 2 8.24-9.10
Hawthorne 10.05 9.60- 10.60
Tower Ave. 9.94 11.46- 13.06
Humble/Mount 9.83 9.79- 10.83
Madison St 1 0 . 2 0 10.65-11.77
Chem/Pharm 10.16 1 0 . 1
Blaine/Crosby s 12.38 11.76-13.00
Blaine/Crosby d 10.13 N/A
South/Bancroft 10.06 8.60-9.60
CS Porter 9.99 11.70- 13.85
Fowler 9.99 10.64- 11.76
Larchmont s 9.91 11.50- 12.70
Larchmont d 9.91 10.40- 11.40
Buckhouse 9.87 8.97-9.91
s -  shallow, d = deep
6 2
Tritium concentrations observed within the study area were both higher and lower 
than at the Clark Fork River. This distribution does not clearly support a measurable 
presence of deep, ^H-free recharge mixing with the river recharge during groundwater 
flow. Some of the variation in the observed data may possibly be a function of 
seasonal variation of the concentration in the Clark Fork River. Review of levels
in Ottawa precipitation for the period of 1/95 — 12/97 (IAEA - WMO, 1998) show 
levels fluctuate from 5 to 10 TU monthly (Figure 27). Similar variation most likely 
occurs in the river recharge. Additional evidence of the presence of upward leakage of 
^H-free water into the Missoula Aquifer would be observed as upward vertical gradients 
between the Tertiary sediments and the aquifer gravels, and possibly as upward gradients 
in portions of the Missoula Aquifer. However, at least in the vicinity of the Chem/Pharm 
well, the measured gradient (-0,016) was downward, not upward. Peery (1988) reported 
similar downward gradients ranging from -0.004 to -0.01 near the Clark Fork River. 
Vertical gradients at the Blaine/Crosby and Larchmont well nests, which are finished 
solely in the Missoula Aquifer, are generally upward. Small upward gradients, were seen 
during four of the six instances when head difference was measurable at the 
Blaine/Crosby well nest. Similcirly, upward gradients were seen during four of the five 
instances when head difference was measurable at the Larchmont well nest. The head 
differences seen at the Blaine/Crosby and Larchmont well nests lend support to the 
hypothesis of Tertiary recharge may be occurring at the aquifer base over a portion of the 
valley floor at these sites during some times of the year.
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Chapter 7: Conclusions and Recommendations
Conclusions
The goal of this research was to assess if the environmental tracers ^H/^He and 
CFOs, and conservative inorganic tracers could be used to refine estimates of the 
magnitude and distribution of hydraulic conductivity and velocities, currently used in 
groundwater management models for the Missoula Aquifer (Miller, 1991; Land and 
Water, 1991). The specific objectives of this research were to:
• Evaluate groundwater velocities, the hydraulic conductivity distribution and the 
presence of vertical gradients within the Missoula Aquifer.
• Evaluate whether the underlying Tertiary sediments are an important recharge source 
to the Missoula Aquifer.
The following was concluded:
1. The hydraulic conductivity distribution of the calibrated numerical profile model 
ranged from 4,900 ft/d to 36,000 ft/d; these values are approximately twice as high 
as reported by Miller, (1991). The minimum flow velocity, calculated using 
MODPATH (Pollock, 1989), as incorporated into Visual MODFLOW 2.8.2.22™, 
and calculated travel time through the model area was 90 fVd and 231 days. Miller, 
(1991) reported a flow velocity o f 60 ft/d; using this velocity, the calculated travel 
time through the model area is 366 days.
2. The use of the chemical composition of river recharge pulses as environmental 
tracers was unsuccessful as measurement error exceeded measured changes.
3. CFC-12 concentrations were within air-water solubility at only three sites and ranged 
from 245.80 to 399.00 pg/kg. At the remaining sites CFC-12 concentrations were in
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excess of air-water solubility (559.81 to 9,392.29 pg/kg) and assumed contaminated. 
Consequently, these results could not be used to age-date the groundwater along a 
flowpath. Probable sources of CFCs include release of degreasers and refrigerants 
into recharge and/or groundwater and/or septic system effluent. The distribution and 
density of septic tanks correlates with spatial variations of CFC-12 concentrations. 
The calculated average sewage CFC-12 concentration within the study area is 1.27 x 
10  ̂pg/kg and is reasonably close to a literature value of 6.40 x 10  ̂(DeWalle et al., 
1985). High TDS concentrations were noted in the shallow wells of the well nests. 
These findings suggest septic effluent as a source of additional inputs of CFCs into 
the groundwater.
4. Groundwater ages along a flowpath from the Clark Fork River to the Bitterroot River 
ranged from -1.5 to 4.6 years with error estimates ranging from ± 1 to ± 1.5 years. 
Elevated levels of terrigenic He were observed, which hampered calculating ^FI/^He 
ages with high precision. Possible sources of the observed elevated terrigenic He 
concentrations include the Tertiary sediments underlying and adjacent to the aquifer 
that are partially comprised of clay and volcanic ash and faults located in the 
Rattlesnake Valley and along the southern boundary of the study area. Quantifying 
each source’s terrigenic He contribution was beyond the scope of this effort. The 
terrigenic He ratio of the Missoula Aquifer needs to be resolved to clarify ^H/^He 
ages.
5. The model-simulated ages fit within the ranges of ̂ H/^He ages only at the Madison 
and South/Bancroft sites. In an attempt to explain the apparent discrepancies, the 
hydraulic conductivity distribution was uniformly reduced by 50% and a t  was
6 6
increased from 10 feet to 300 feet. Neither of these changes alone or together could 
make the model-simulated and ^H/^He ages agree at the Bitterroot River. Recharge 
of ̂ H-free water from the Tertiary sediments at these sites may be a possible 
explanation. In equation 1, as the concentration decreases, the groundwater age 
increases.
6 . Observed concentrations indicate young groundwater and ranged from 8.50 to 
13.85 TU. Tritium concentration spikes down flowpath of the river recharge source 
most likely suggest a variation of levels in the local river recharge source and/or 
unidentifiable complexities in groundwater flow paths.
7. Examination of a well perforated in what was considered to be both the Missoula 
Aquifer and the underlying Tertiary sediments indicated a slight downward gradient 
within 2,900 feet of the Clark Fork River.
8 . Upward gradients seen at the Blaine/Crosby well nest in four of the six 
measurements and at the Larchmont well nest in four of the five measurements lend 
support to the hypothesis that recharge from the Tertiary sediments enters the 
Missoula Aquifer at these sites.
Recommendations
Maintaining the quantity and quality of water in the Missoula Aquifer will require 
additional refinement of the aquifer flow dynamics and geochemistry. The following 
recommendations for further and improved research are made:
• To refine the hydraulic conductivity distribution of and flow velocities within the 
Missoula Aquifer, further modeling of flowpaths should be performed using two-
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dimensional profile and/or three-dimensional models. This would allow for 
additional refinement of hydraulic conductivity values as reported by Miller (1991). 
To obtain closer agreement between the model-simulated ages and the ^H/^He ages, 
transient models, simulating temporal watertable gradient changes, should be run.
To refine flow velocities and hydraulic conductivity values near the Clark Fork River, 
sampling of river recharge pulses should be performed again. The high precision of 
the SC meter and nearness of University of Montana wells to the Clark Fork River 
makes sampling of river recharge pulses very easy. Ideally, this experiment should 
be performed during a spring runoff event with a large contrast in water quality; 
sampling should be performed daily and/or multiple times during a day.
To improve groundwater age estimates using the ^H/^He method and to refine 
hydraulic conductivity values, the terrigenic ^He/^He ratio of the aquifer needs to be 
assessed so that more precise ^H/^He ages can be computed. A study should be 
undertaken to further explore the association of radon and terrigenic He and their 
spatial distributions in the aquifer, particularly in regards to the local geology.
For better refinement of the internal dynamics of the Missoula Aquifer and to assess 
evidence of recharge to the Missoula Aquifer from the Tertiary sediment, continuous 
water level recorders should be installed at the Blaine/Crosby and Larchmont well 
nests. At the Blaine/Crosby and Larchmont well nests, the head measurement and 
head difference errors were ±0.14 and ± 0.28 ft, respectively. This estimated error 
was a combination of surveying and measurement error. Installing continuous water 
level recorders at well nests finished in the Missoula Aquifer would allow continuous 
measurement and greatly reduced error. With continuous measurement, the
6 8
occurrence of vertical gradients year-round and the effect of storm events and spring 
runoff on vertical gradients could be investigated.
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Well Inventory
M: N um ber WQD-ID L atitude L ongitude Name Location Depth, ft P erfo ra tions, ft
143740 46.8947 14.0395 Holiday 2325 S. R eserve 99 Open hole
69147 46.8562 14.0126 Gordon
South side of Mount Ave: 
between S tephens & Russell 98 Open hole
69344 46.8420 14.0283 Fowler 2006 Ernest Ave. 90 Open hole
69402 WQD-32 46.8491 14.0072 South/Bancroft South/Bancroft 76.3 6 0 .3 -7 0 .3
69055 WQD-30 46.8732 14.0099 McCormick McKormick Park 57 2 8 -4 8
151101 WQD-7 46.8558 14.0916 Humble/Mount Humble/Mount 25 5 - 2 5
151143
151161
WQD-10 46.8680 14.0291 Emma Dickinson Emma Dickinson School
WQD-8 46.8505 14.0397 OS Porter OS Porter School
45
53
2 0 -4 5
3 3 -5 3
151189 WQD-33 46.8583 14.0605 Tower Tower St. 50 3 8 -4 8
151190 WQD-31 46.8558 14.0015 Blaine/Crosby-shallow Blaine St./Crosby St. 76.3 66.3 - 76.3
157208 WQD-21 46.8558 14.0015 Blaine/Crosby-deep Blaine St./Crosby St. 113 1 1 3 -1 1 8
151201 WQD-6 46.8383 14.0426 Larchmont-shallow Post Siding Rd. 51 3 1 -5 1
157210 WQD-20 46.8386 14.0426 Larchmont-deep Post Siding Rd. 97 8 7 -9 7
151191 WQD-29 46.8661 13.9883 Madison Madison St. 53 3 1 -5 1
151200 WQD-5 46.8661 14.0511 Hawthorne Hawthorne School 35 1 0 -3 5
67037 WQD-35 46.8334 14.0508 Buckhouse Buckhouse bridge 38 2 4 - 3 6
121525 46.8579 13.9850 Chem/Pharm University of Montana 191.99 1 1 0 -1 3 5
1 5 4 -1 6 8
143129 46.8601 13.9800 Music Building University of Montana 140.5 125.5- 140.5
160376 46.8619 -113.9827 Lodge Building University of Montana 128.7 118 7 -  128.7
M: N um ber: S tate designation.
WQD ID: Monitoring well owned by City of Missoula.
GWIC Site Report
Momana Bureau o f Mines and Geology 
Ground-W ater Information Center
Owner and Location Information
S ite  N a m e : H O L I D A Y  C O M P A N Y S
G W IC  Id: 1 4 3 7 4 0  
L o c a tio n  (T R S ):  13N  1 9 W 3 0  D D D D  
C o u n ty  (M T ): M I S S O U L A  
D N R C  W a ter  R igh t: N o t  R e p o r te d  
P W S  Id:
B lo c k :  N o t  R e p o r te d  
L ot: 6 5
C e r tif ic a te  o f  S u rv ey : N o t  R e p o r te d
S o u r c e  o f  D a ta : L O G  
L a titu d e  (d d ): 4 6 .8 4 9 7  
L o n g itu d e  (d d ):  - 1 1 4 .0 3 9 5  
G e o  m eth o d : N A V -G P S  
D a tu m : 1 9 2 7  
A d d itio n : N o t  R e p o r te d  
S u b d iv is io n :  N o t  R e p o r te d  
T y p e  O f  S ite ;  W E L L
Well Construction and Performance Data(me.weme«ui.nd»f#ce)
T o ta l D e p th  (ft):  9 9 .0 0  
S ta t ic  W a ter  L e v e l ( ft):  3 9 .0 0  
P u m p in g  W ater  L e v e l  ( ft):  5 0 .0 0  
Y ie ld  (g p m ):  1 0 0 .0 0  
T e s t  T y p e: A IR  
T e s t  D u ra tio n : 1 .0 0  
D rill S te m  S e tt in g  (ft):  
R e c o v e r y  W ater  L e v e l (ft):  
R e c o v e r y  T im e  (h rs):
Hole Diameter Information
N o  h o le  d ia m e te r  r e c o r d s  w e r e  fo u n d .
Annular Seal Information
H o w  D rilled : R O T A R Y  
D riller 's N a m e : C A M P  
D riller  L ic e n s e :  W W C 0 0 7  
C o m p le t io n  D a te :  Jul 2 9 ,1 9 9 4  
S p e c ia l  C o n d itio n s :  N o n e  R e p o r te d  
I s  W e ll F lo w in g ? : N o  
S h u t-In  P ressu re:
W e ll/W a te r  U se :  P U B L I C  W A T E R  S U P P L Y  
G e o lo g y /A q u ife r :  1 2 0 S N G R
Casing Information
F rom l) T o  D i a m e t e q  T y p e
I -1 .5 i |9 9 .0 i  6 .0 ||S T E E L :
F r o m ]  T o  1 T y p e  i
0Ü2O.0I B E N T O N I T E  S U R F . S E A L :
Completion Information
N o  c o m p le t io n  r e c o r d s  w e r e  fou n d .
Lithology Information
F r o m  T o D e s c r ip t io n
~0i|39 .0 tlC L A Y  S A N D  G R A V E L  &  B O U L D E R S i
3 9 .0 l |4 7 .0 iC L A Y
4 7 .0 i5 6 .0 ||C L A Y  S A N D  G R A V E L  &  W A T E R
56 .0167 .01  C L A Y  A N D  G R A V E L
6 7 .0 ||7 6 .0 ||C L A Y  S A N D  G R A V E L  &  W A T E R
7 6 .0 |S 4 .0 t[C L A Y
8 4 .0 j |8 9 .0 iC L A Y  S A N D  &  W A T E R
I 8 9 .0 i |9 9 .0 l |S A N D  G R A V E L  &  W A T E R "
Site Notes
G A S  S T A T I O N  O N  W E S T  S I D E  O F  R E S E R V E  S T  W H E R E  S O U T H  A V E  IN T E R S E C T S
R E S E R V E
Well Notes
W E L L  IS  IN  U S E  A T  C A R  W A S H
The* daia lepreaent the cornent i of the GWIC Jeiehasea at ih* Montana Biueau of Mince and Geoiofy il the lime and dale of ihc teineval The infonnaiion n 
contidertd unpublished and ii subieci lo coareciion and review on a dail'y baaia. The Bureau warranta ihe iccunie iransmmion of the data lo the onpnaf end taer.
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GWIC Site Report
Montana Bureau of Mines and Geology 
Ground-Water Information Center
Owner and Location Information
S ite  N a m e : G O R D O N  C O N S T .
G W IC  Id; 6 9 1 4 7  
L o c a tio n  (T R S ):  I 3 N  1 9 W 2 S  C B A A  
C o u n ty  (N fT ): M I S S O U L A  
O N R C  W ater  R igh t: N o t  R e p o r te d  
P W S  Id:
B lo c k :  10  
L ot: 9 - 1 2  
C er tif ic a te  o f  S u rv ey : N o t  R e p o r te d
S o u r c e  o f  D ata : G W 2  
L a titu d e  (d d ):  4 6 .8 5 6 2  
L o n g itu d e  (d d ); - 1 1 4 .0 1 2 6  
G e o m e th o d :  N A V -G P S  
D a tu m ; 1 9 2 7  
A d d itio n : U N I O N  
S u b d iv is io n : N o t  R e p o r te d  
T y p e  O f  S ite: W E L L
^Vell Construction and Performance Da ta ««poned im«d wrf*w)
T o ta l D e p th  (ft):  7 8 .0 0  
S ta t ic  W ater  L e v e l (ft):  4 8 .0 0  
P u m p in g  W ater  L e v e l (ft):  6 3 .0 0  
Y ie ld  (g p m ):  9 0 .0 0  
T e s t  T y p e :  A IR  
T e s t  D u ra tio n : 4 .0 0  
D rill S te m  S e tt in g  (ft):  
R e c o v e r y  W a ter  L e v e l ( ft ):  
R e c o v e r y  T im e  (h rs);
Hole Diameter Information
N o  h o le  d ia m e ter  r e c o r d s  w e r e  fo u n d .
Annular Seal Information
N o  an n u lar se a l reco r d s w e r e  fo u n d .
Lithology Information_______________
H o w  D rilled : C A B L E  
D riller's N a m e : L IB E R T Y  
D rÜ ler L ic e n se :  W W C 0 5 2  
C o m p le t io n  D a te:  M ar 0 4 ,1 9 6 5  
S p e c ia l  C o n d itio n s :  N o n e  R ep o rted  
Is  W ell F lo w in g ? : N o  
S h u t-In  P ressu re:
W e ll/W a te r  U se : D O M E S T IC  
G e o  lo g y /A q u ife r :  1 1 2 A L V M
Casing Information
[F rom t T o D ia m e te r | T y p e  j
1 - 1 .8 )7 8 .0 ' 6 .0 ||S T E E L |
Completion Information
N o  c o m p le t io n  r e c o r d s  w e r e  foun d .
F ro m #  T o D e s c r ip t io n
0 |  S .O llC O B B L E S T O N E S  A N D  B O U L D E R S  M I X E D  IN  T A N  S IL T .
8.0||42.0K c O B B L E S T O N E S  A N D  B O U L D E R S  M I X E D  I N  T A N  C L A Y I
I 4 2 .O lliÂ Ô lSA N D  A N D  G R A V E L
6 4 .0 |7 l .0 i |B R O W N  S A N D Y  C L A Y
7 1 .0 j |7 5 .0 (F IN E  S A N D  A N D  G R A V E L . S O M E  W A T E R
7 5 .0 1 7 8 .0  C L E A N  C O A R S E  G R A V E L . W A T E R
Site Notes
W E L L  IS  O N  S O U T H  S I D E  O F  M O U N T  B E T W E E N  R U S S E L  A N D  S T E P H E N S  
Well Notes
N O  A C C E S S  T O  W E L L  H E A D . S A N C P L E D  F O R  IS O T O P E S  A L S O
These dMa rcptvsmi ihc eoMemt o f theCWtC daiafaaieiat ihe Montana Bureau of Mines and Geology at ihe lime and dale of ihe leineval. The infofmaiion is 
considered impuWidied and is ndnect to correction and leview on a daily hasrs. The Bureau warrenrs Ihe aceuiele irensmission of Ihe daia to the onginal end user, 
tteiransmisaion of ihe dala to other iscn is discouraged and ihe Bureau claims no le^onsibiiiiy if ihe maienal is relransnined. Note: non-ieponed caung.
eompleiian. and lithologie tecords may esisl in paper files si GWIC.
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GWIC Site Report
Montana Bureau of Mines and Geology 
Ground-Water Information Center
O w n er  and Location Inform ation
S ite  N a m e: F O W L E R  B R U C E
G W IC  Id: 6 9 3 4 4  
L o c a tio n  (T R S );  1 3 N  1 9 W 3 2 B D D D  
C o u n ty  (M T ):  M I S S O U L A  
D N R C  W ater R ig h t: 17 9 4 5
P W S  Id: 0 2 6 6 1 0 0 2  
B lo c k :  N o t  R e p o r te d  
L ot: N o t  R e p o r te d  
C e r tif ic a te  o f  S u rv ey : N o t  R e p o r te d
S o u r c e  o f  D a ta : L O G  
L a titu d e  (d d ):  4 6 .8 4 2 0  
L o n g itu d e  (d d );  - 1 1 4 .0 2 8 3  
G e o m e th o d :  N A V -G P S  
D a tu m : 1 9 2 7  
A d d itio n : N o t  R e p o r te d  
S u b d iv is io n :  N o t  R e p o r te d  
T y p e  O f  S ite :  W E L L
^Vell Construction and Performance Data (m e i iu re m e i ic i ir e rc p o t tc d b e lo w  land  m rfM e )
T o ta l  D e p th  (ft):  1 2 6 .0 0  
S ta t ic  W a ter  L e v e l  (ft):  4 2 .0 0  
P u m p in g  W a ter  L e v e l ( ft):  4 4 .0 0  
Y ie ld  (g p m ):  9 9 .0 0  
T e s t  T y p e : P U M P  
T e s t  D u ra tio n : 2 .0 0  
D rill S te m  S e t t in g  (ft):  
R e c o v e r y  W a ter  L e v e l (ft):  
R e c o v e r y  T im e  (hrs):
Hole Diameter Information
N o  h o le  d ia m e te r  r e c o r d s  w e r e  fo u n d .
Annular Seal Information
N o  an n u lar se a l r e c o r d s  w e r e  fo u n d .
Lithology Information___________
H o w  D r illed : R O T A R Y  
D riller 's N a m e ; C A M P  
D r ille r  L ic e n se :  W W C 2 3 9  
C o m p le t io n  D a te; Jan 0 1 ,1 9 7 8  
S p e c ia l C o n d itio n s :  N o n e  R e p o r te d  
Is W ell F lo w in g ? :  N o  
S h u t-In  P ressu re:
W e ll/W a te r  U se :  P U B L I C  W A T E R  S U P P L Y  
G e o lo g y /A q u ife r :  1 1 1 A L V M
Casing Information
|F r o m | T o  | D ia m e te r j  T y p e  i
1 -2 .0 0 1 2 6 .0 0  6.O 0STE EL!
Completion Information
N o  c o m p le t io n  r e c o r d s  w e r e  foun d .
F r o m |~ T o D e s c r ip t io n
oil 9 .0 i|C L A Y  S A N D  A N D  G R A V E L
9.01 18.01 S A N D  A N D  G R A V E L
18.01 5 5 .0 ||C L A Y  G R A V E L  A N D  B O U L D E R S
55.011 7 6 .0 |jS A N D  G R A V E L  A N D  w a t e r
76.011 83 .Q ||T A N  C L A Y
8 3 .0 0  9 4 .0 |C L A Y  A N D  G R A V E L
9 4 .0 0 1 1 5 .0 0 s A N D  G R A V E L  A N D  W A T E R
I l5 .O 0126 .O l|C L A Y  L A R G E  G R A V E L  S A N D  A N D  W A T E R }
Sit# Nolts
W E L L  I » L O C A T E D  IN  F R O N T  O F  R E S T A U R A N T /C A S I N O , O N  S E  S I D E  A D J A C E N T  T O
S H R U B S
Well Notes
N o  n o te s  w e r e  fo u n d .
Time nprcKM ih« comcms of titc C WIC dMahavi >l the .VConMm Bureau of Minea and Ccolofjr al Ihe time and dale of (he relneval. The iniormaiion ii 
cnaatdaiwd’unpuWidied and is wbjeci lo coneciion and review on a daily hasii The Bureau wananii ihe accuraic innmuon of (he data to (he anginal end user. 
. ftdMIMiuaKin of the data to other users it discouraged and Ihe Bureau claims no regwosibility if the maienal is reirananiited Idole' non-reported casing.
foreplerum. and lilhnlofK records may cam in paper files al GWIC.
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Ground-Water Information Center
Owner and Location Information
S ite  N a m e : N O S S O U L A  V A L L E Y  W Q D  W E L L  U 1 3 1 9 3 3 A
G W IC  Id: 6 9 4 0 2  
L o c a tio n  (T R S ):  1 3 N  I9 W  3 3  B A A A  
C o u n ty  (M T ):  iV Q S S O U L A  
D N R C  W ater  R ig h t: N o t  R e p o r te d  
P W S  Id:
B lo c k :  N o t  R e p o r te d  
L o t: N o t  R ep o rted  
C e r t if ic a te  o f  S u r v e y :  N o t  R e p o r te d
Well Construction and Performance Data (me* 
T o ta l D e p th  (ft):  7 6 .3 0  
S ta t ic  W a ter  L e v e l (ft): 6 5 .0 0  
P u m p in g  W a ter  L e v e l (ft):  7 6 .0 0  
Y ie ld  (g p m );  1 0 .0 0  
T e s t  T y p e: A IR  
T e s t  D u ra tio n : .5 0  
D rill S te m  S e tt in g  (ft):
R e c o v e r y  W a ter  L e v e l  (ft):
R e c o v e r y  T im e  (hrs):
S o u r c e  o f  D a ta : L O G  
L a titu d e  (d d ): 4 6 .8 4 9 1  
L o n g itu d e  (d d ):  - 1 1 4 .0 0 7 2  
G e o m e th o d :  M A P  
D a tu m : 1 9 2 7  
A d d itio n : N o t  R e p o r te d  
S u b d iv is io n :  N o t  R e p o r te d  
T y p e  O f  S ite :  W E L L
lit *1* mpoftcd bel«w luid nirf*ce>
H o w  D rilled : R O T A R Y  
D riller ’s  N a m e : C A M P  
D riller  L ic e n se :  W W C 0 0 7  
C o m p le t io n  D a te :  A p r  0 7 ,1 9 8 6  
S p e c ia l  C o n d itio n s :  N o n e  R e p o r te d  
Is  W ell F lo w in g ? :  N o  
S h u t-In  P ressu re ;
W ell/W a te r  U se :  M O N IT O R IN G  
G e o lo g y /A q u ife r :  1 lO A L V M
Hole Diameter Information
N o  h o le  d ia m e te r  r e c o r d s  w e r e  fo u n d .
Annular Seal Information
Lithology Information
Casing Information
[From jl T o  j  D ia m e te r j  T y p e
0 |2 0 .0 ||  6 .0 |S T E E L
4.01 P V C
Completion Information
|F r n m | T o  I T y p e  .{ |F r o m | T o  |D ia m e te r |D e s c r ip t io n !
\ 0 j2 0 .0 j|C E M E N T j I 6 0 .3 1 7 0 .3 i| 4 .0 |# 6 0 S L O T  :
F ro m l T o D e s c r ip t io n
"ÔI 7.0NFILL
7 .0 ^ 1 5 .O jS A N D  A N D  G R A V E L
1 5 .0 l|2 0 .0 i|F IN E  S A N D :  N O T  M A N Y  C O B B L E S  -  B IT  D R O P P E D  F A S T
2 0 .0 ! |3 0 .0 I |M £ D [U M  S A N D  A N D  G R A V E L : 1 5 -2 0 ' I N C R E A S E  IN  W A T E R
3 0 .0 i |4 0 .0 i |S A N D  A N D  G R A V E L : R O U N D E D  - C O A R S E  G R A I N E D  G R A V E L  S A N D  - D R Y .
4 0 .0 5 0 .0 1
M E D I U M  G R A I N E D  S A N D  A N D  G R A V E L  - 3 9 ' M O I S T  C O A R S E  S A N D  A N D  
IG R A V E L : 4 5 ’ D R Y I N G  O U T .
5 0 .0 i6 0 .0 |
S A N D  A N D  G R A V E L ; F IN E  S A N D  A N D  F IN E  G R A V E L . M O I S T  A T  5 3 ’ - A T  5 5 ’ 
S T A R T E D  U S I N G  D R I L L I N G  F L U I D . C O A R S E  S A N D  A N D  G R A V E L .
6 0 .0 H 7 0 .3 |[C O A R S E  G R A V E L . B O T T O M  O F  H O L E  A T  7 0 .2 5 ’
Site Notes
W E L L  A L S O  K N O W N  A S  M V -4 2 ;  S O U T H  B A N C R O F T  
Well Notes 
N o  n o te s  w e r e  fo u n d .
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O w n e r  a n d  L o c a t i o n  I n f o r m a t i o n
S ite  N a m e : W Q D -3 0  (U . O F  M O N T . M V - 3 5 )
G W IC  Id: 6 9 0 5 5  
L o c a tio n  (T R S ):  1 3 N  1 9 W 2 1  A C A D A  
C o u n ty  (M T );  M I S S O U L A  
D N R C  W a ter  R ig h t: N o t  R e p o r te d  
P W S  Id;
B lo c k :  N o t  R e p o r te d  
L o t: N o t  R e p o r te d  
C e r tif ic a te  o f  S u rv ey : N o t  R ep o rted
W e l l  C o n s t r u c t i o n  a n d  P e r f o r m a n c e  D a t a <  
T o ta l D e p th  (ft);  5 7 .0 0  
S ta t ic  W ater  L e v e l (ft):  3 2 .0 0  
P u m p in g  W a te r  L e v e l  (ft):
Y ie ld  (g p m ):
T e s t  T y p e: N o t  R e p o r te d  
T e s t  D u ration :
D rill S te m  S e tt in g  (ft):
R e c o v e r y  W a ter  L e v e l (ft):
R e c o v e r y  T im e  (hrs):
H o l e  D i a m e t e r  I n f o r m a t i o n
N o  h o le  d ia m e te r  r e c o r d s  w e r e  fou n d .
A n n u l a r  S e a l  I n f o r m a t i o n
S o u r c e  o f  D a ta : L O G  
L a titu d e  (d d ):  4 6 .8 7 3 2  
L o n g itu d e  (d d ): - 1 1 4 .0 0 2 3  
G e o m e th o d ;  T R S -T W N  
D a tu m :. 1 9 2 7  
A d d itio n : M C C O R M IC K  P A R K  
S u b d iv is io n :  N o t  R e p o r te d  
T y p e  O f  S ite :  W E L L
entt lie rcÿ(Mtc<l below lend iwlace)
H o w  D rilled : R O T A R Y  
D riller 's  N a m e : C A M P  
D riller  L ic e n s e :  W W C 0 0 7  
C o m p le t io n  D a te :  D e c  1 6 ,1 9 8 5  
S p e c ia l  C o n d itio n s :  N o n e  R e p o r te d  
Is  W e ll F lo w in g ? : N o  
S h u t-In  P ressu re:
W e ll/W a te r  U s e :  O T H E R  
G e o lo g y /A q u ife r :  110 A L V M
C a s i n g  I n f o r m a t i o n
|F r o m i| T o D ia m e te r l  T y p e  ,
1 -2 .5 1 3 7 .0 ! 6 .0 j|S T E E L |
C o m p l e t i o n  I n f o r m a t i o n
F r o m T o  T y p e  ]
1 oj 2 0 .0 | G ER C E N T
F rom jl T o  fP ia m e te r ^  D e s c r ip t io n
I 28.0jj48.0H  6.Q <1/8X 1 S L O T S
Lithology Information
[From jl T o  j D e s c r ip t io n  j
0140.01 C L A Y  S A N D  A N D  G R A V E L
1 4 0 .0 |4 5 .0 |C L A Y
1 4 5 .0 ! |5 7 .5 Ü S IL T Y  C L A Y  S A N D  A N D  G R A V E L
Site Notes
M O N I T O R  W E L L  IN  M C C O R N O C K  P A R K  
Well Notes 
N o  n o te s  w e r e  fo u n d .
These dale reprnent the coMenti of Ihe GWIC databeaetal the Montana aunsu ofMinea and Geology M Ihe time and dele of the rdnevat. The infonnaiion ia 
coniidered unpuMiihcd and is lubiccl lo eottcchon and review on a daily hens. The Bureau warrants ihe accmte iiansntisaton of the data to the onginal end use 
Relfsnsniiinon of the data to oHter use is it discouraged and the Bureau claims no lesponsibiiiry if the maienal is lelransmifled. Mme. non*ieponed casing,
compleiion, and lithologie leeonli may eaia in paper files at GWIC.
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Moii|-:in:i Hill i':iu nl ' l in e s  an il < ieo lnu \ — ( . rm in il-«  a ter I n to r iiia tin ii < e n te r  
Nin- R ep ort tor M I S S O l  L.V ( ( ) l  \  I \  W (.) I) \ \ i :  I . I W I
Location Information
GWIC Id: 151101 
Location (TRS): 13N 20W 26 DBBB 
County (MT): MISSOULA 
DNRC Water Right; Not Reported 
PWS Id:
Block: Not Reported 
Lot: Not Reported 
Certificate o f Survey: Not Reponed
Source of Data: MCWQD 
Latitude (dd): 46.8558 
Longitude (dd): -114.0916 
Geomethod: MAP 
Datum; 1927 
Addition: Not Reported 
Subdivision: Not Reported 
Type Of Site: WELL
Well Construction and Performance Data (measurements v e  reported below land surface)
Total Depth (ft): 25.00 
Static Water Level (ft): 14.00 
Pumping Water Level (ft):
Yield (gpm):
Test Type: Not Reported 
Test Duration:
Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
How Drilled: AIR ROTARY 
Driller's Name: WESTERN WATER WORKS 
Driller License: Not Reported 
Completion Date: Jan 12, 1995 
Special Conditions; None Reported 
Is Well Flowing?: No 
Shut-In Pressure:
Well/Water Use: MONITORING 
Geology/Aquifer: IIIALVM
Hole Diameter Information
No hole diameter records were found.
Lithology Information
|From)| To |f Description
r~(roi[~i~ü||TOPsoir
Casing Information
|F  rom)|~Tc>~||Diaj(Descriptioni
lT 0 ||? 5 D ] fT U |(F W
Annular Seal Information Completion Information
|From|jTo)| Description |From|| To j|Diaj| Description |
1 0.0)|6.0]|BENTONITE/CONCRETE| |_5.0|(25.0|| 4.0j|.02 SLOT"SCREENj
ü||l :.OI|BkOWN Sa nd  and  ORAVEirWTTirSDWE STRINGERS OF TAN ClAVj 
|“ CTiJ||29“01|SAND ÜRAVEL WET MED-GRAINED Sa WD SOME SlLl |
I "29~0|pmH|5AM& a nd  GRa VEL - SOME SILT j
S ite  N o te s
WELL ALSO KNOWN AS WQD-7 WELL LOCATED AT THE SOUTHEAST CORNER OF HUMBLE STREET 
AND MOUNT AVENUE.
These data represent the contents of the GWIC databases at the Montana Bureau o f Mines and Geology at the time and date o f  the retrieval The information is 
considered unpublished and is subject to correction and review on a daily basis The Bureau warrants the accurate transmission of the data to the onginal end 
user Retransmission of the data to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted. Note non-reportcd 
casing, completion, and lithologie records may exist in paper files at GWIC.
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Montana Bureau of Mines and Geology 
Ground-Water [nformation Center
O w n e r  a n d  L o c a t i o n  I n f o r m a t i o n
S ite  N a m e ; N f lS S O U L A  C O U N T Y  W Q D  W E L L  W 1 3 1 9 2 0 C
G W IC  Id: 1 5 1 1 4 3  
L o c a t io n  (T R S ):  I 3 N  1 9 W 2 0  C A D A  
C o u n ty  (M T ):  M I S S O U L A  
D N R C  W a ter  R ig h t:  N o t  R e p o r te d  
P W S  Id:
B lo c k ;  N o t  R e p o r te d  
L ot: N o t  R ep o rted  
C e r t if ic a te  o f  S u rv ey : N o t  R e p o r te d
S o u r c e  o f  D a ta ; N o t  R e p o r te d  
L a titu d e  (d d );  4 6 .8 6 8 0  
L o n g itu d e  (d d ):  - 1 14 ,0 2 9 1  
G e o m e th o d ;  M A P  
D a tu m ; 1 9 2 7  
A d d itio n ;  N o t  R ep o rted  
S u b d iv is io n :  N o t  R ep o rted  
T y p e  O f  S ite :  W E L L
Well Construction and Performance Data(nKMiircmciiiimrepon«ibciowiandiwf*ce)
T o ta l D e p th  (ft):  4 5 .0 0  
S ta t ic  W a ter  L e v e l  (ft);  2 7 .0 0  
P u m p in g  W a ter  L e v e l  (ft):
Y ie ld  (g p m ):
T e s t  T y p e : N o t  R e p o r te d  
T e s t  D u ration :
D rill S te m  S e t t in g  (ft):
R e c o v e r y  W a ter  L e v e l (ft):
R e c o v e r y  T im e  (hrs):
H o w  D rilled ; R O T A R Y  
D riller 's N a m e :  W E S T E R N  
D riller  L ic e n se :  N o t  R ep o rted  
C o m p le t io n  D a te ;  Jan 1 7 ,1 9 9 5  
S p e c ia l C o n d itio n s :  N o n e  R ep o rted  
Is  W ell F lo w in g ? :  N o  
S h u t-In  P ressu re ;
W e ll/W a te r  U s e :  M O N IT O R IN G  
G e o  lo g y /A q u ife r ;  l lO A L V M
H o l e  D i a m e t e r  I n f o r m a t i o n
N o  h o le  d ia m e te r  r e c o r d s  w e r e  foun d .
A n n u l a r  S e a l  I n f o r m a t i o n
F rom jl T o  |~ T y p e
Ojl 5 .0 ^ B E N T O N IT E /C O N C R £ T E i
L i t h o l o g y  I n f o r m a t i o n
F r o m ) ~ T o I Description
q|  0 .5 jA S P H A L T
0.5 [ 9.01 S A N D  A N D  G R A V E L
Casing Information
|F r o m |~ T o  |P i a n i e t e r T y p e i
C o m p l e t i o n  I n f o r m a t i o n
F r o m if  T o  | |D ia m e t c r |D e s c h p t io n
20.0145.01 4 .0 |O .Q 2  S L O T
T o i |2 4 .0 l |G R A V E L  A N D  S A N D  W IT H  C L A Y  L E N S E S I
2 4 .0 ||2 5 .d lC L A Y  -  B R O W N "
2 5 .0 t |4 5 .0 |G R A V E L  A N D  C L A Y
S i t e  N o t e s
W E L L  A L S O  K N O W N  A S  W Q D -1 0  W E L L  L O C A T E D  IN  B A C K  P A R K IN G  L O T  O F  E M M A  
D I C K I N S O N  S C H O O L .
W e l l  N o t e s  
N o  n o te s  w e r e  fo u n d .
TTiexe dita nptcsnl the contenu of the GWHT dalabuu w the Montana Bim« of Mines anti Geology ti the lime and date of the leincval. The infonnaiion i* 
consideted unpuMiihed and it subicct to cotrcciion and levtew on * daily bam The Bureau warnntt ihe Kcutile irenmiinon of (he data to the onginal end 1»  
Rctreoanintoo of the data to other uaarm ta dimotnged and the Bureau claimi no retponaibility if the material if leirenamitied Note noo-repotied caan^
completmn. and lithologie records may a:id in paper (ilea at GWIC
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O wner and Location Information
S ite  N am e: N d S S O U L A  C O U N T Y  W Q D  W E L L  W 1 3 1 9 3 0 D
G W IC  Id: 151161  
L o c a tio n  (1 R S );  I 3 N  19W  3 0  D D A D D  
C ou n ty  (M T ): M IS S O U L A  
D N R C  W ater R ight: N o t  R ep orted  
PW S Id:
B lock : N o t  R ep orted  
L ot: N o t  R ep orted  
C ertificate o f  Survey: N o t  R ep orted
S o u rce  o f  D ata: M C W Q D  
L atitude (dd ): 4 6 .8 5 1 3  
L o n g itu d e  (dd); -1 1 4 .0 3 9 4  
G eo  m eth od : M A P  
D atum : 1927  
A dd ition : C .S . P O R T E R  S C H O O L  
S u b d iv ision : N o t  R ep orted  
T y p e  O f  S ite : W E L L
ell Construction and Perform ance D a ta (rmiuremenismreponedbeiowiindmrfkcei
T o ta l D ep th  (ft): 5 3 .0 0  
S ta tic  W ater L e v e l (ft): 3 9 .0 0  
P um ping  W ater L e v e l (ft):
Y ie ld  (gpm ):
T e s t  T ype: N o t  R ep o rted  
T e st  D uration:
Drill S te m  S ettin g  (ft):
R e c o v e r y  W ater L e v e l (ft):
R eco v e ry  T im e (hrs):
H ole D iam eter Inform ation
N o  h o le  d iam eter record s w ere  found.
A nnular Seal Inform ation
H o w  D rilled: R O T A R Y  
D riller's N am e: W E S T E R N  
D riller L icen se: N o t  R eported  
C o m p le tio n  D ate: Jan 1 6 ,1 9 9 5  
S p ec ia l C on d ition s: N o n e  R eported  
Is W ell F low in g?; N o  
S h u t-In  Pressure:
W ell/W a ter  U se: M O N IT O R IN G  
G eo lo g y /A q u ifer :  1 1O A L V M
Casing Inform ation
F ro m i T o D ia m ete r ! T yp e;
0 |5 3 l l |  ÂÔ1 P V C
C om pletion Inform ation
F rom l T o T y p e
~Ql| 1 Q .Q l|B E N T O N IT E /C O N G R E T E j
F rom i T o  D ia m eter! D e sc r ip tio n
33-Oj 53.0j 4.0! 0 .0 2 0  S L O T
Lithology Inform ation
F r o m T o  D e s c r ip t io n  j
01 I.O |T O P SO IL
l . o l 30 .0 | B R O W N  S A N D  A N D  G R A V E L  W IT H  S O M E  T A N  C LA Y j
30.01 32.0[ M E D IU M  B R O W N  S A N D
32.01 38.0l B R O W N  S A N D  A N D  G R A V E L  |
38.01 5 3 . O j B R O W N  S A N D  A N D  G R A V E L  -  W A T E R
Site Notes
W E L L  A L S O  K N O W N  A S  W Q D -8  W E L L  L O C A T E D  A T  C .S . P O R T E R  S C H O O L  - 
S O U T H E A S T  C O R N E R  
W ell Notes 
N o  n otes w ere  found.
These d4U  nspTOcni the cooienii o f  the GW IC daiabiK S  at the M o o tiiu  B ureiu  o f  M inei and GcoJogy ml the lime and dme o f  the reinevml. Tlw infornutton ii 
c o n n d tre d  unpublished and ii subject to  cortecuon irxi rtv iew  on » daily  b u i i .  The B ureiu  w im n ts  Ihe K c u n tc  in n sm iu io n  o f  Ihc data to the o n jm ii  eml user. 
Rein tnsm iuion  o f (he Ja la  to  other u x ra  is discouraged and (he G ureiu  cU im s no res^xwability if ih e  rru icnal ii rctranim ified. Note: ncrt-ftponcd  casing.
com pletion, >nd lilhologic records may exifl in paper files al GWIC,
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Owner and Location Information
Site Name: MISSOULA COUNTY WQD WELL U132025D
GWIC Id: 151189 
Location (TRS): I3N 20W 25 ADAD 
County (MT): MISSOULA 
DNRC Water Right: Not Reported 
PWS Id:
Block: Not Reported 
Lot: Not Reported 
Certificate of Survey: Not Reported
W e ll  C o n s t r u c t io n  a n d  P e r f o r m a n c e  D a t a < 
Total Depth (ft): 50.00 
Static Water Level (ft): 25.20 
Pumping Water Level (ft);
Yield (gpm);
Test Type: Not Reported 
Test Duration:
Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
Source of Data: 
Latitude (dd): 
Longitude (dd): 
Geomethod: 
Datum: 
Addition: 
Subdivision: 
Type O f Site:
WDB
46.8583
-114.0605
MAP
1927
Not Reported 
Not Reported 
WELL
I iMJUiiid Wow laid ntWe)
How Drilled: Not Reported 
Driller’s Name: Not Reported 
Driller License: Not Reported 
Completion Date: Dec 13.1985 
Special Conditions: None Reported 
Is Well Flowing?: No 
Shut-In Pressure:
Well/Water Use: MONITORING 
Geology/Aquifer: I lOALVM
L it h o lo g y  I n f o r m a t io n
H o le  D ia m e t e r  I n f o r m a t io n C a s in g  I n f o r m a t io n
No hole diameter records were found. [fromll T i^ lD iam eterl Type ]
1 0l|50.0| 6.0||STEELi
A n n u la r  S e a l  I n fo r m a t io n C o m p le t io n  I n f o r m a t io n
No annular seat records were found. 1 Fromjl To |{DiemeterHDescriplioni
1 38.0l|4g.0|| 6.0j
[Fromj To j| Description
I 0# 5 OiSAND: FINE TO MEDIUM SAND WITH CHIPS - GRANULES AND A FEW SMALL PEBBLES.
CHIPS; PREDOMINANTLY CHIPS OF RED AND GREEN QUART2ITE AND PULVERIZED ROCK; 
ALSO SOME SAND - SOME 5CM COBBLES. HAND DRILLING FROM T TO 15*.
10 0i|l5.QI|SAND: CHIPS OF RED AND GREEN QUARTZITE AND SILTITE - FINE SAND - COME PEBBLES. 
0j|20.Q!|$ANO: BIG QUARTZITE CHIPS - FINE SAND AND PEBBLES.L5
I 20.0|25.0||SAND: MOIST COARSE SAND WITH 5CM PEBBLES (23-26)
25.0H30.0i|CLAY AND PEBBLES AND SAND: WATER AND FIRST CLAY AT 26'.
30.Qi|3S.OiCLAY: LOTS OF CLAY WITH SILT AND SAND. CLAY GETS CLEANERTDOWNWARDT
ICLAY: FAIRLY CLEAN CLAY - LITTLE SAND - FEW PEBBLE (HAD TO ADD WATER AT 38-39*). 
OULDN T  TAKE WATER LEVEL WHEN ADD 40-60* PIPE DUE TO CLOGGED DRILL STEM.
I 37.0||^.Q ||g RAVEL AND MUD: GRAVEL AND MUD WITH CHIPS AND 2-3 CM PEBBLES. 
f  40.0!|5Q.QI|GRANULES: GRANULES - PEBBLES - SOME COBBLES. LOTS OF WATER AND MEDIUM SANd 7
S i t e  N o te s
WELL ALSO KNOWN AS MV-40 WELL IS LOCATED SOUTN OF SPURGIN ROAD BETWEEN THE BASEBALL 
FIELDS AND THE STATE LAND’S OFFICE.
W e ll  N o t e s  
No notes were found.
Thene daa koilmm die oMcm nfihe GWIC daxtaa* a the Monaia Bum oTMina aid Gadogr a (he tma aid da* o f da iLiiitval. The iidbenaian ii ooraiderad 
uiputHistadaid looaifeaionaidieviewonadatir taue The Bueau wa rao  the eeeuae daaaeaion of da We * da 0 0 9 W aid lau. Recaaneewi of da <We M>
oilar tacfi u diioDim̂ eit aid ihe Bum claim no impemibiliiy if ihe muemi i* lemnaieiial Wut nenweponod caun̂  compkW", aid liihnloae lemnk may eua m 
fiksaGWIC
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GW IC Site Report
Montana Bureau ofM ines and Geology 
Ground-W ater Information Center
Owner and Location Information
S ite  N a m e; M S S O U L A  C O U N T Y  W Q D  W E L L  U 1 3 1 9 2 8 A
G W IC  Id; 1 5 1 1 9 0  
L o c a tio n  (T R S ):  1 3 N  1 9 W  2 8  A C D A A  
C o u n ty  (N IT ): iV O S S O U L A  
D N R C  W ater  R igh t: N o t  R e p o r te d  
P W S  Id:
B lo c k :  N o t  R e p o r te d  
L ot: N o t  R e p o r te d  
C er tif ic a te  o f  S u rv ey : N o t  R e p o r te d
S o u r c e  o f  D ata : W D B  
L a titu d e  (d d ): 4 6 .8 5 7 8  
L o n g itu d e  (d d ):  - 1 1 4 ,0 0 2 1  
G e o  m eth o d : N A V - G P S  
D a tu m : 1 9 8 3  
A d d itio n : N o t  R e p o r te d  
S u b d iv is io n :  N o t  R e p o r te d  
T y p e  O f  S ite :  W E L L
^Vetl Construction and Performance Da ta «i« «poned
T o ta l D e p th  (ft):  7 6 .3 0  
S ta t ic  W ater  L e v e l ( ft):  6 6 .0 0  
P u m p in g  W ater L e v e l  (ft):
Y ie ld  (g p m ):
T e s t  T y p e ; N o t  R e p o r te d  
T e st  D u ra tio n :
D rill S te m  S e tt in g  (ft):
R e c o v e r y  W ater  L e v e l (ft):
R e c o v e r y  T im e  (h rs):
H o w  D rilled :  
D riller 's N a m e;  
D riller  L ice n se :  
C o m p le t io n  D a te:  
S p e c ia l C o n d itio n s :  
Is W ell F lo w in g ? :  
S h u t-In  P ressu re:  
W e ll/W a te r  U se :  
G e o  lo g y /A q u ife r :
N o t  R e p o r te d  
N o t  R e p o r te d  
N o t  R e p o r te d  
A p r 0 7 ,1 9 8 6  
N o n e  R e p o r te d  
N o
M O N I T O R IN G  
I I I  A L V M
Hole Diameter Information
N o  h o le  d ia m e te r  r e c o r d s  w e r e  fo u n d .
Annular Seal Information
Casing Information
F rom lp fo  ijP iam eterjType
0 |7 6 .3 ^  % 0 |P V C
Completion Information
F r o m i T o  | T y p e
0 |2 0 .0 j |G R O U T i
F r o m f T o  j P ia m e te r | D e s c r ip t io n
6 ^ 7 6 . 3 9  4 .0 l |# 6 0  S L O T
Lithology Information
F n > m | T<r D e s c r ip t io n
Q| 15. Oils A N D  A N D  O R A  V Ê T
1 5 .0 1 |2 5 .0 ||G R A V E L
2 5 .0 1 3 0 .0 g C O A R S E  G R A I N E D  S A N D  A N D  G R A V E L .
3 0 .0 t |3 5 !Q |V E R Y  F IN E  G R A I N E D  S A N D  -  C L A Y  - A N D  G R A V E L .
3 5 .0 ||7 0 .0 |C O A R S E  G R A I N E D  G R A V E L
7 0 .0 l |7 6 .3 jB Q T T O M  O F  H O L E 1
Site Notes
W E L L  A L S O  K N O W N  A S  M V -4 1  W E L L  IS  L O C A T E D  A T  T H E  S O U T H W E S T  C O R N E R  O F  
B L A I N E  A N D  C R O S B Y  S T R E E T S , A T  A D D R E S S  6 0 1 -D E E P  W E L L  (W Q D -2 1  IS  L A B E L E D  
" D E E P "  O N  P V C  C A P .
Well Notes 
N o  n o te s  w e r e  fou n d .
These dsii lepnscM the eonieiMs of Ittc GWIC dsiabases M ihe Monuns Bmiu of Niees «id Geology il ihc lime sod due of the rcinevsl The infonnoiion is 
eonsidesed laipoWished ind is 9 ib|«ci lo eomciion end review on * daily basis. The Bureau warrants ihe accural* iranisnission of the dais lo the original end use 
Reiransmission of the data n> other usera ii discouraged and the Bureau claims no lesporuibiliiy if the material is lelransmtned. Mote: non-teponed casing,
completion, and lithologie teeords may exist in paper files at GWIC.
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V t o n u i n a  B u r e a u  o f  M i n e s  a i u l  G e o lo s %  — G r n u n i l - n  a î c i  I n f o r m a r i o n  C e n t e r  
S ir e  R e p o r t  f o r  M I S S O L  L A  \ \  A  T F .R  Q l  A L K ^  D I S  I R K  I
Location Information
G W IC  Id; 157 2 0 8  
L oca tio n  (T R S ): I3 N  19W  2 8  A C D A A  
C ou n ty  (M T ): M IS S O U L A  
D N R C  W ater R ight: N o t R eported  
PW S Id:
B lock : N o t R eported  
Lot: N o t  R eported  
C ertifica te  o f  Su rvey: N o t  R eported
S ou rce  o f  D ata; LO G  
L atitud e (dd): 4 6 .8 5 7 8  
L o n g itu d e  (dd): -1 1 4 .0 0 2 1  
G eom eth od : N A V -G P S  
D atum ; 1983  
A dd ition : N o t  R ep orted  
S u b d iv is io n : N o t  R eported  
T y p e  O f  S ite: W E L L
Construction and Performance Data (measurenienu are reported below land surface)
T ota l D epth  (ft): 113 .0 0  
S tatic  W ater L ev e l (ft):
P u m p in g  W ater L ev e l (ft):
Y ie ld  (gpm ):
T est T ype: N o t  R eported  
T est D uration:
D rill S tem  S ettin g  (ft):
R e c o v e r y  W ater L e v e l (ft):
R e c o v e r y  T im e  (hrs):
H o w  D rilled: N o t  R eported  
D riller's N am e: M IS S O U L A  W Q  D IS T R IC T  
D riller  L icense: N o t  R eported  
C o m p le tio n  D ate: Feb 0 9 , 1996  
S p e c ia l C on d ition s: N o n e  R eported  
Is W ell F lo w in g ? : N o  
S h u t-In  Pressure:
W ell/W a ter  U se: M O N IT O R IN G  
G e o  lo g y /A q u ifer :  I I I A L V M
Hole Diameter Information
N o  h o le  d ia m e ter  records w ere found .
Annular Seal Information
F rom lj T o  || D e s c r ip t io n
~3üiyfTTÜDH5ENTC>NlTE|
Lithology Information
jFrorejl t o Descripiioo
Tgir~Tg)|TOPSOIL
rg]r2TÜ)|5ÂMDV CRAVErCREY/Bft'OWFT 
I 24.0|r:711t|SILT SOME SAND A GRAVEL
nT7îinTU)|5ÂNDV GRAVEL
34'0|j TnJ]|CRAVEL"W/ SOME SILT A SaMD [
I 47 011 i7 0||5ANDY gravel LITTLETO NO SILTI 
f~?ni)|' 63'0|[CRAVEL
63 0|| 67 0)1CIAVEV ÜIUVEr
Casing Information
[Fromjl To ||Dia||Descriptjon|
1 0.0][ 58.0|( 8.0||STEEL j
1 0.0||113.0||4.0j|PVC J
Completion Information
|From|| To |jDia{| Description |
1113.üj|l 18.ü|(4.ü||.01o SCREENl
S ite  N o te s
W E L L S  A R E  L O C A T E D  O N  C O R N E R S  O F  B L A IN E  &  C R O S B Y , N E X T  T O  R O A D  IN F R O N T  O F  A D D R E S S  601
These data represent the contents o f the GWIC databases at the Montana Bureau o f Mines and Geology at the time and date of the retneval The information is 
considered unpublished and is subject to correction and review on a daily basis. The Bureau warrants the accurate transmission o f the data to the original end 
user. Retransmission o f  the data to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted. Note; non-reportcd 
casing, completion, and lithologie records may exist in paper files at GWIC
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GWIC Site Report
Montana Bureau ofMines and Geology 
Ground-Waier Information Center
Owner and Location Information
S ite  N am e: N n S S O U L A  C O U N T Y  W Q D  " W 1 3 I9 3 1
G W IC  Id: 
L o c a tio n  (T R S ):  
C o u n ty  (M T ):  
D N R C  W ater  R ight: 
P W S  Id: 
B lock :  
Lot:
C ertifica te  o f  Survey:
151201
13N  1 9 W 3 1  D D B A  
M IS S O U L A  
N o t  R ep orted
N o t  R ep orted  
N o t  R eported  
N o t  R ep orted
S o u r c e  o f  D ata: 
L atitud e (dd):  
L o n g itu d e  (dd ):  
G e o  m eth od :  
D atum : 
A d d ition :  
S u b d iv ision :  
T yp e O f  Site:
M C W Q D  
4 6 .8 3 8 3  
-1 1 4 .0 4 2 6  
N A V -G P S  
1983
N o t  R eported  
N o t R ep orted  
W E L L
Well Construction and Performance Data n
T o ta l D ep th  (ft): 5 1 .0 0  
S ta tic  W ater L ev e l (ft): 3 9 .0 0  
P u m p in g  W ater  L e v e l (ft):
Y ie ld  (gp m ):
T est T yp e; N o t  R ep o rted  
T e st  D uration:
D rill S te m  S ettin g  (ft);
R e c o v e r y  W ater  L evel (ft):
R e c o v e r y  T im e (hrs):
Hole Diameter Information
N o  h o le  d iam eter reco rd s w ere  found.
Annular Seal Information
unmcfHi m  itv o n e i below lend nufece)
H o w  D rilled: 
D riller's N am e:  
D riller L icense:  
C o m p le tio n  D ate: 
S p ec ia l C on d itio n s:  
Is W ell F low in g?;  
S h u t-In  Pressure:  
W ell/W ater  U se:  
G e o  lo g y /A q u ifer:
Casing information
R O T A R Y  
W E S T E R N  
N o t  R ep orted  
Jan 1 3 ,1 9 9 5  
N o n e  R eported  
N o
M O N IT O R IN G
I I I A L V M
From|(~TQ { |D ia m ete r | T y p e
Wl.Otl 4.0IIPVC
I 1 .5 l 6.5j 6 .0 IS T E E L
j|F ro m || Y T
Completion Information
Type
O l|24 .0 i!B E N T O N T T E /C O N C R £T E
[Frofn irX o |D ia m e te q |D e s c r ip t io n
I 31.01151.0(1 4 .0 (0 .0 2 0  SLO T '
Lithology Information
[F rom j T o  {
I 1 2 .Q jl3 .0 jS A N D  -  F IN E  G R A IN E D  B R O W N  IN  COLOR!
D e sc r ip t io n
"03 l.OllTOPSOIL
1.03 4.0iSAND - FINE GRAINED BROWN IN COLOR!
4.0|T2.CiI|G ^ V E L
1 3 .0 j l5 .0 iG R A V E L
1 5 .0 |l7 .0 i |C L A Y  - B R O W ÎT
17.Q ||t8 .0!jG R A V E L  A N D  C L A Y
18.0(24.0113A N D  - B R O W N  - W E T
2 4 .0 l3 9 .0 ||S A N D  A N D  G R A V E L
39.O344.OKSAND A N D  G R A V E L  -  S O M E  C L A Y  
4 4 .0 ( 4 5 .o jC R A V E lT A N D  C L A Y
45 .0 l|5 1 .0 l[G R A V E L  S O M E  S IL T  A N D  C L A Y .'
Site  N otes
LARCHMONT GOLF COURSE NEAR GATE ON POST SIDING ROAD 
Well Notes 
No notes were found.
Piese rvprê cni the coMtni* afiNc G wiC dM«b*ica ## tb« Montana 0urea« of Mines and Cenfogy if ihc iimc and due ofitH mrievat. The imKwmafiom ti 
coniidcfcd toiDubltshcd and ii su6 |cct to conection and nvicvf on « daily baiii. The Bureau wamms the accurate rnnsmimon of ihe daii lo the onginal end un 
Reinnsmisaion of the data to nthee uacry is discouraged and the Bureau claims no ftsponmWdy if the maienal is refransmitied Note: non̂ reponcd caamg.
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V | i n u : i n ; t  |{ii tii' M i n e s  ; i iui  l i v n i o i i \  — ( ,  i n n m l - "  n l i  r  I M loi*iii:irii>n < v n t t T  
>110 K o | x i n  Int- M I S . S O M  \  W \  i (> l  \ I . I W  D I S  I K K 1
Location Information
G W IC  Id: 1 5 7 2 1 0  
L o c a tio n  (T R S ): 13N  I 9 W 3 1  D D B A  
C o u n ty  (M T ): M IS S O U L A  
D N R C  W ater R ight: N o t R eported  
P W S Id;
B lock : N o t  R eported  
Lot: N o t R eported  
C er tif ic a te  o f  Su rvey: N o t R eported
S o u rce  o f  Data: LO G  
L atitude (dd): 4 6 .8 3 8 6  
L o n g itu d e  (dd): - 1 1 4 .0 4 2 6  
G eo m eth o d : N A V -G P S  
Datum ; 1 9 2 7  
A d d ition : L A R C H M O N T  G O L F  C O U R S E  
S u b d iv is io n : N o t  R eported  
T y p e  O f  Site; W E L L
AVdl Construction and Performance Data (measurements are reported below land surface)
T otal D ep th  (ft); 9 7 .0 0  
S tatic  W ater L e v e l (ft): 3 8 .0 0  
P u m p in g  W ater L e v e l (ft):
Y ie ld  (g p m );
T e st  T ype: N o t R eported  
T est D uration;
D rill S tem  S e ttin g  (ft);
R e c o v e r y  W ater L e v e l (ft);
R eco v e ry  T im e  (hrs);
H o w  D rilled : N o t  R ep orted  
D riller's N a m e; W E S T E R N  
D riller  L icen se: N o t  R ep o rted  
C o m p le tio n  D ate: Jan 3 0 , 1 9 9 6  
S p ec ia l C o n d itio n s: N o n e  R ep orted  
Is W ell F lo w in g ? : N o  
Shut-In  Pressure:
W ell/W a ter  U se: M O N IT O R IN G  
G eo lo g y /A q u ife r ;  I I I A L V M
Hole Diameter Information
N o  h o le  d ia m e ter  records w ere  foun d .
Annular Seal Information
Lithology Information
|From|[~Tô~ Description
1TU|| 1 OljTOPSOIL"
TgirTülIBROWNTDÀM
Tg|(~2iraj5ÂNDV GRAVEL '
- ^ r i i n i l lSlLTV SAND W  SOME CLaV
1 30 O irryojlSA N D Y  GRAVEL W/ SOME SILT
TTTJIptSTJllS'ANDV OftAVKVL W  OLaV A SILT 
p51I)r57'D)|5ILTY GRAVEL WATER
I 67 0|r7rü||SÂNDV CRa VEL WaTEIT
I 75 0|| ÏOO||SANDGREY7BftOWN WATEft 
I VEL
~9g~ü||102 '0|[CLAVEySlLT NOW-WATER BEARING!
Casing Information
escriDiion
I ÎSTEEL
Completion Information
|F rom j| T o  || D e s c r ip t io n  j |F ro m || T o  ||D ia || D e sc r ip tio n ~ |
[ _ l^ [8 5 ^ |B E N T O N I T E ! [ 87 ,0 ]|97 ,0 || 4 .0 ||7020  S C R E E N ]
S ite  N o te s
W E L L  A T  L A R C H M O N T  G O L F  C O U R S E ; W E L L S  A R E  L O C A T E D  A T  T H E  P U B L IC  G O L F  C O U R S E  
A D J A C E N T  T O  L A R G E  G A T E S  IN  F E N C E  (L O C K E D ). J U S T  O F F  C O R N E R  O F  O L D  H IG H W A Y  9 3  A N D  P O S T  
S ID F N G -D E E P  W E L L  IS L A B E L E D  O N  P V C  C A P
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GWIC Site Report
Montana Bureau of Mines and Geology 
Ground-Water Information Center
O w ner and Location Information
S ite  N am e; NOS S O U L  A  C O U N T Y  W Q D  W E L L  U 1 3 1 9 2 2 C
GWTC Id: 151191  
L o c a tio n  (T R S ): 13N  1 9 W 2 2  C D A B D  
C ou n ty  (NIT): N Q S S O U L A  
D N R C  W ater R ight: N o t  R ep orted  
P W S  Id:
B lo ck : N o t  R ep orted  
L ot: N o t  R eported  
C ertifica te  o f  S u rvey: N o t R eported
S o u rce  o f  D ata;
L atitud e (dd ):  
L o n g itu d e  (dd ): 
G eo m eth o d :  
D atum : 
A ddition: 
S u b d iv is ion ;  
T y p e  O f  Site:
W D B
4 6 .8 6 6 6
-1 1 3 .9 8 7 8
T R S -S E C
1 9 2 7
N o t  R eported  
N o t R eported  
W E L L
^^ell Construction and Performance Data(meuumncfittARreportedbdowuna airf«cci
T o ta l D ep th  (ft): 53 .0 0  
S ta tic  W ater L e v e l (ft): 3 6 .4 0  
P um ping  W ater L evel (ft):
Y ield  (g p m ): 2 5 .0 0  
T est T ype: A IR  
T e st  D uration:
D rill S te m  S ettin g  (ft): 
R e c o v e r y  W ater L ev e l (ft): 
R e c o v e r y  T im e (hrs):
H o w  D rilled: 
D riller's N am e: 
D riller L icen se;  
C o m p le tio n  D ate:  
S p ec ia l C on d ition s:  
Is W ell F low in g?; 
S h u t-In  P ressure: 
W ell/W ater  U se:  
G eo  lo gy /A q u ifer:
N o t  R eported  
N o t  R eported  
N o t  R ep orted  
D e c  1 6 ,1 9 8 5  
N o n e  R eported  
N o
M O N IT O R IN G
IIOALVM
Hole Diameter Information
N o  h o le  d ia m eter  records w ere  found.
Annular Seal Information
N o  annular seat records w ere  foun d .
Lithoiogy Information
Casing Information
(F rom tpT o |D ia m e te r j | T y p e
0!|20.0l( lO .O jST EEL
1 l5 .0N 53 .0 l 6 .Q ||ST E E T
Completion Information
[From jpT o jD ia m e te r f  D e s c r ip t io n
I 31 .0R 51.0 l 6 .0 lfD O W N  H O L E  P E R F
F rom  T o D e s c r ip t io n
I 0* 5 .0 jS O tL : D A R K  - S A N D Y  - O M  R IC H .
5 .0 ||lO .0 iS lL T Y  S A N D : L IG H T  T A N  T O  F L E S H  - S O M E  P E B B L E  C H IP S
10 .0115 .0
S IL T Y  S A N D : T A N  W IT H  S O M E  P E B B L E S  A N D  C O B B L E  C H IP S  (R E D  A N D  
G R E E N  Q U A R T Z IT E S  A N D  S IL T IT E S ). ___________________________________________
~ iT Ô |23 .0 l|S A M P L E : W E T  G R O U N D .
« i |,„  J S A N D  A N D  G R A V E L : W E T  P E B B L E S  A N D  C O B B L E S  - R E D  A N D  G R E E N  
' I S I L T I T E S  A N D  Q U A R T Z IT E S . _________________________
S A N D  A N D  G R A V E L :  
3C M .
W E T  - P E B B L E S  A N D  C O B B L E S  -  M A N Y  P E B B L E S  2 -
35 .0 ||41 .0 t|F IR S T  W A T E R : A T  43' G O O D  C L E A N  G R A V E L .
4 L 0 l|4 S .0 jC L E A N  G R A V E L T
IC LE A N  G R A V E L . W E N T  1 1.5' B E Y O N D  S W L  T O  A L L O W  F O R  10' O F  
P E R F O R A T E D  W E L L  C A S IN G .
Site Notes
W E L L  A L S O  K N O W N  A S  M V -3 4  W E L L  IS L O C A T E D  A T  T H E  S O U T H  E N D  O F T H E  
M A D IS O N  S T R E E T  B R ID G E  - P .4R C E L  3 
W e l l  N o t e s  
N o  n o te s  w ere  found.
ThcM raprvMVH the contents of Ih* 0W1C dilitasej at ttM Montoiu Bumuof Miite* and C«o*Ofy ih* #nd iJilc of the refnev*!. Tho infonnvtion 
conssderrd unpublished *nd is  subject to  wxmciion and review on • dmi&y The duruto wamnti the sccurbic tnnsm isiO A  of I he dftit lo ibe ofi|intl end user.
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GWIC Site Report
Montana Bureau o f Mines and Geology 
Ground-W ater Information Center
O w n e r  a n d  L o c a t i o n  I n f o r m a t i o n
S ite  N a m e : NÜ SSO LT LA  C O U N T Y  W Q D  * W 1 3 1 9 1 9 C
G W IC  Id: ! 5 1 2 0 0  
L o c a tio n  (T R S ):  1 3 N  1 9 W  1 9 C D A A C  
C o u n ty  (M T ):  N O S S O U L A  
D N R C  W ater R igh t: N o t  R e p o r te d  
P W S  Id:
B lo c k :  N o t  R e p o r te d  
L ot: N o t  R e p o r te d  
C e r tif ic a te  o f  S u rv ey ; N o t  R e p o r te d
S o u r c e  o f  D ata :  
L a titu d e  (d d ):  
L o n g itu d e  (d d ):  
G e o  m eth o d :  
D a tu m :  
A d d itio n :  
S u b d iv is io n :  
T y p e  O f  S ite :
M C W Q D  
4 6 .8 6 6 8  
- 1 1 4 .0 5 0 7  
N o t  R e p o r te d  
1 9 8 3
N o t  R e p o r te d  
N o t  R e p o r te d  
W E L L
W  e l l  O o n s t r u c t i o n  a n d  P e r f o r m a n c e  D a  ( a  (mtmmmmenu mpomed kkw immd
T o ta l D e p th  (ft):  3 5 .0 0  
S ta t ic  W a ter  L e v e l ( ft):  2 0 .0 0  
P u m p in g  W a te r  L e v e l  (ft):
Y ie ld  (g p m ):
T e st  T y p e: N o t  R e p o r te d  
T e st  D u ration :
D rill S te m  S e ttin g  (ft):
R e c o v e r y  W a ter  L e v e l (ft):
R e c o v e r y  T im e  (hrs):
H o w  D rilled : A IR  R O T A R Y  
D r ille r ’s  N a m e : W E S T E R N  W A T E R  W O R K S  
D r ille r  L ic e n se :  N o t  R ep o rted  
C o m p le t io n  D a te :  Jan  1 1 ,1 9 9 5  
S p e c ia l  C o n d itio n s :  N o n e  R ep o rted  
Is  W e ll F lo w in g ? :  N o  
S h u t-In  P ressu re:
W e ll/W a te r  U se :  M O N IT O R IN G  
G e o  lo g y /A q u i f e r  N o t  R ep o rted
H o l e  D i a m e t e r  I n f o r m a t i o n
N o  h o le  d ia m e te r  reco r d s w e r e  fo u n d .
A n n u l a r  S e a l  I n f o r m a t i o n
F r o m i T oj T y p e  1
1 Ot 4.01 B E N T O N I T E /C O N C R E T E !
Lithoiogy Information
Casing Information
[F rom J T o ^ lD ia m e te r j  T y p e
0 |  6.0I| 6 .0 g S T E E L
0||35.0@ 4 .0 8 P V C
C o m p l e t i o n  I n f o r m a t i o n
[F ro m jp T o  [[D iam eterj D e s c r ip t io n !
lO.OK35.Oj 4 .0 |0 .0 2 0  SL O T I
F r o m i T o D e s c r ip  tiom
0 | ^  A S P H A L T
Q.5| 2 .0 j S A N D  A N D  G R A V E L
I 2.0\ 3 .0 i|C L A  Y  A N D  G R A V E L
3 .0 | 6 .0 !S A N D  - M E D IU M  G R A I N E D  - B R O W N  I N  C O L O R
6.0M 20 .0 il$A N D  A N D  G R A V E L  - S O M E  D I S T I N C T  L A Y E R S  O F  S A N D .
2 0 .0 )[3 5 .0 i|S IL T Y  S A N D  A N D  G R A V E L
Site Notes 
No notes were found.
Well Notes 
No notes were found.
TTie« dMa npnscM ihc cnmcnii o f  ih« GWIC dMabun ml ih* Manimna Bwsu oTMinc* and Gcoloff ml ib« iinw mod dmie ofihe mnevml. The imlbnneiion is 
constdeied unintWimlied mnd is suhfecl toeonecMon mod review on m dmily bastm. The Sufeau wemms (he mccmie iransniaton o f  I he del# lo (he oofinml end uma 
ReinnaiHSUon o f the daim lo oiher users im discouraged mod ihe Suramu clmirnm no reqpoonbiltiy if (he mmiehel is relnosnMMed. Idole: non-ieponed cmsmg,
compleiron. mod liihologic records may esisi in peper files ml GWfC.
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V l o n t ; u i : i  B u r e a u  o f  V l i n e s  a n d  G e o l o g y  - -  ( i r o u n d - w a t e r  I n f o r m a t i o n  C e n t e r  
S i t e  R e p o r t  f o r  M I S S O U L A  G O l ^ T ^  W O n  W F X L  t I 2 2 Ü 0 1  V
Location Information
GWTC Id; 6 7 0 3 7  
L o ca tio n  (T R S ): I2 N  2 0 W  01 A B A D  
C o u n ty  (M T ): M IS S O U L A  
D N R C  W ater R ight: N o t  R eported  
PW S Id:
B lo ck : N o t  R eported  
Lot: N o t  R eported  
C ertific a te  o f  S u rvey: N o t  R eported
S o u r c e  o f  D ata: L O G  
L atitud e (dd): 4 6 .8 3 3 4  
L o n g itu d e  (dd): -1 1 4 .0 5 0 8  
G eo m eth o d : T R S -T W N  
D atum : 1 9 2 7  
A d d itio n : N o t  R ep orted  
S u b d iv is io n : N o t  R ep orted  
T y p e  O f  S ite: W E L L
AVcIl Construction and Performance Data (measuretnents are reported below land surface)
T o ta l D ep th  (ft): 3 8 .0 0  
S ta tic  W ater L e v e l (ft): 2 7 .0 0  
P u m p in g  W ater L e v e l (ft);
Y ie ld  (gpm );
T est T yp e: N o t  R eported  
T est D uration:
D rill S tem  S ettin g  (ft);
R e c o v e r y  W ater L e v e l (ft):
R e c o v e r y  T im e (hrs):
H ow  D rilled: F O R W A R D  R O T A R Y  
D riller's N am e; C A M P  
D riller L icense: W W C 0 0 7  
C o m p le tio n  D ate; D e c  2 0 , 1985  
S p ec ia l C on d ition s; N o n e  R ep orted  
Is W ell F low in g ? : N o  
Sh ut-In  Pressure;
W ell/W ater  U se; M O N IT O R IN G  
G eo lo g y /A q u ifer :  1 1 lA L V M
Hole Diameter Information
N o  h o le  d ia m e ter  reco rd s w ere  fou n d .
Annular Seal Information
N o  annular se a l reco rd s w ere  foun d .
Lithoiogy Information
Casing Information
Completion Information
|FrDmjprô~][Diaj| D e s c r ip t io n
•2Tü){30)r^ll/8ÏN TORCH 5CÜT]
|F ro iii) [  T iT j r Description
t - MEDIUM/FINE SAND WITH CUTTINüS - <jRANU(,ES“aN D  SOME'PEBBLES
Tg)|ro'0||SANirFlNE-MEDlDKi~5ÂNP'Wrm RED AND GREEN QUaRTZITE PEBBLESltND'CHIP?:
100|[|j 0|(CgTi;~OFOUAftTZnbt.'UI IINCS-MAINLV'ICEP'WITHSOME
I i 3.01113.0|[CRkbN. LllTLE FIME i>AND - 80MË 2-JT'M PEBBCES'
rTrg|(T7TJ||5ÂND AND ORa NULES (NO SAMPLE • BUT MORE FINE SaND AND CRA N DT^
1 r0)j20 0||SÂND ANDTCRaNUCES" tlNE SaND WITH GREEN AND RED QUARTZITES IN CHIPS aNITPEBBLES UP TO 3 CM. 
Tirgl(23TJ)|SÂFlD~RiOBr:TOAR5E TO MEDIUM SAND WITH 4 CM PEBBLES ÂND CFÜF? ~
~!3rü)pülïl[SAND: MC3BÎ TO WFT '  COARSE SAND WITH RED AND CREEN QUARTZITE'PEBBLES."
I 30 0|[i5:oi|SAND: COARSË S aM d WITHURCILLITEXHIPS/GRAJ^ES AND (JUaRTZITE PEBBLE]rro 4 CM 
33TI||3rO||8AND: COARSE SAND TO GRANULES - FEVYQUÂRT71TE CHIPS ANITPEBBCES~~
S ite  N o te s
W E L L  IS A L S O  K N O W N  A S  B U C K H O U S E  B R ID G E  (U M M V -3 9 )
These data represent the contents o f  the GWIC databases at the Montana Bureau o f  Mines and Geology at the time and date o f the retneval The information is 
considered unpublished and is subject to correction and review on a daily basis. The Bureau warrants the accurate transmission o f the data to the original end 
user. Retransmission o f the data to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted. Note; non*reponed 
casing, completion, and lithologie records may exist in paper files at GWIC.
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f a t m  Ha. Ml (A 1 «S| W E L L  L O G  R E P O R T F ile  N o , .
S la te  law requires that the Bureau 5 copy be filed by the water well driller within SO days after com pletion of the well.
1. WEIL OWNER 
Nam« U N I '/E R S IT Y  O F  XCNTArtA
f) Du
g) Re,
h) Re,
ration of lest: Pumping time A hrs. 
covery tim e ___  hrs.
covery water 
nping slopp 
s  intended 1
level 7.8 II. at . hrs. aller
1  CURRENT MAILING AOORESS
M i s s o u l a ,  ffT  5 9 8 1 2 - 1 3 7 1
pul
Well
Bd.
3 yield 100 gpm or more shall be tested for a period of 3
nours or more, i ne test snaii loiiow me oevetopmem or me wen. ana snaii oe
appropnalion. In addition lo the above rnformalfon, water level data 
e coilecled and recorded on the Department's "Aquifer Test Oala"
E: All wells shall be equipped with an access port % inch minimum or 
>ure gauge that will indicate the shut in pressure of a flowing well. Re- 
e caps are acceptable as access ports.
1 WELL LOCATION
SW 't*_ NE. 'k 7* Section _ 2 7  
Township 1 3 N  NIS Ranqe 19W E/W Counlv M i s . s o i i l  
Govn I Lot . or lo t Block
(ended 
shall b 
form.
. NOT 
a press 
movab
11. WAS WELL PLUGGED ÛR ABANDONED? Yes y  No
4. PROPOSED USE: Domestic □  Slock □  Irrigation □  
Other LI soecily T p s ^  V Jp ll 12. WELL LOG
h(ll.)
To FormationS. TYPE OF WORK:
New well a  Method: Dug □  Bored 0  
Deepened □  Cable 0  Driven 04 
Reconditioned □  Rotary 5 t Jetted □
From
0 5 5
5 5 5 8 S i l t y  C l a y  A H r a w f
5 8 6 3 S a n d  A n r a v R l
S. DIMENSIONS: Diameter olHolo
O il A " in irom n  1 11 Id 7 0 0  II
6 3 7 2 C l a y  A C r a w l
7 2 7 7 ----------C la y ------------------------------------------------------------
7 7 8 4 C la y  A F to iild p r g -------------------------------
8 4 9 8 ----------C l a y .  C r a v p l , R r o k g n  B o c k —
R m ii ld r n r c  a. <3ooi-i<s r i-. ..f-...
7. CONSTRUCTION DETAILS:
Casing: Steel O il f l " T n  tra m + 7  ' 2 "It, lo 1 OR * 7  R.
9 8 1 3 7
R f u r l f l r T C  n. i J a h a i -
Threaded □  Wdded 64 O il,. .  , . tram II. to . 11. 1 3 7 1 4 0 C1 a y  . R n ii l i- t tA r-c  ». t 'a  " "o r
Tyoe Watt Thickness . .2 5 0 __ 1 4 0 1 5 1 C l a y  A C r a i r o l
Casing;Plastic O i l .  Irom It to II. 1 5 1 1 6 8
Weight O il Irom ._ . II. lo II. 1 6 8 2 2 2
PERFORATIONS: Yes $9 No □
Type oiperloralor used p i i l l d n u j n
Se«»p<? r t f  Ir laT m r
2 2 2 2 2 7
Sire of perloralions 1 In. by 1 / f l  in 22.7 2 7 2
perforations Irom 1 1 0  II. to 1 7<  If
oerforalimnslrom II lo 1 fiA  It. 2 1 2 7 4 8
onloralionslrom  It. lo It. r r i i i1 r 4 i» r ^  ... .
SCREENS: Yes 0  Nc^J 
Manufacturer's Name _
2 4 8 2 5 9 R rcike>n  rîrv~t<- t  1 a y
2 5 9 2 7 4 C r e t a n  f ' i a y ,  0/~v~y j  C c a '* " l
Type , ,  ModetNo. 2 7 4 7 0 0 A rn w n  C l a y , .  P r ^ y -  3,
O il Slot sire from It. to It f-\F CUar-ni-
Oia. Slot siir» from It. lo It.
Gravel olaced I r o m ___ _ _ II to 11.
GROUTED; To whal depth? . j O .....................H-
Maierial used in grouting b e n t o n i t e  j u r f j c c  j c a l _____
a. WELL HEAD COfflPLETION:
Pitless Adapter □  Yes 0  No
9. PUMP [if installed) 
Manufacturer's name ATTACH AOOITtOMAL SHEETS IF NECESSARY
Tvoe . ... . Model No. HP.
13. DATE COMPLETED_______T J o u c n ib q c  3 r  1 9 9 0 _________________
to. WELL TEST DATA
The inlormalion requested in this section is required lor alt wells. All depth 
measurements shall be from Ihe top of Ihe well casing.
All wells under 100 gpm must be tested lor a minimum of one hour and pro­
vide the lotlowmg information:
at Air Pumo x Sailer 
hi Static wafer level immedialelv belorwleslino 7R  II. tfltow- 
ing: closed in oressure psi. com.
14, ORILLER/CONTHACTOR'S CERTIFICATION
This well was drilled under my jurisdiction and this report is true to the best oi 
my knowledge.
—Iw .nrr-N.tr.^wf 7 ,  i J v t J ---------------0*1»
CAMP WFT.T. DRJT.f.TNT; .t PfIMP <3lTDPrv
Flow controlled by: valve. _ . reducers, 
other Isoectfvi
Firm Nam»
1 5 2 2  5 .  1 4 c h  W. , M ^ S Q ii la .  MT 59H ni
dl The oumoing rale: 7 5 0  gom
e) Pumoingwalerlevel fl at g hrs. after
pumping began. SJgrralg'r» lie*»»» No.
fV tO N T A N A  O E P A f t T M S N T  O F  N A T U R A L  R E S O U R C E S  &  C O N S E R V A T IO N  J V f  i j  M *
1S30 EAST SIXTH AVEMUE HELENA. MONTANA 3*030-3301 4^4.0010 M W E 1
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it*n W E L L  L O G  R E P O R T File No.
S tù la  ! s w  r e q u ir e s  l t*at  th e  3 u r e J u 's  c o p y  b e  t i l e d  b y  t h e  w a t e r  w e l l  d r i l l e r  w i t h i n  SO d a y s  a f t e r  c o m p l e t i o n  o f  I h e  wel l.
I. WELLOWHÇa 
N .m . U N IV E R S IT Y  O F MONTANA
2. CURflÊNTMAlLiNG aOORESS
 ________ P l a n n i n g  & C o n s c r u c c l o n
M i s s o u l a  i F ix 5 ) 8  1 2
1 WELLiaCATICN
F .t ,f. ME 
13 N ~TownsfKp .  
Govn'l Lot
N/S Aimqe 
 Of Loi .
Vi Section. 
iL -—H— ErV/ County.
27
M issou1
f) Ouraiion ol test; Pumoing lim e Ï
g) Recovery time _ _ _ _ _ _  hr*.
.rus.
.r ifs . l i te r
_  Stock.
Subdivision N am e____________________________________
Tract Number M USIC  OLuC A /E  9 3 ~ 3 0 ~ l l
*. PHOPOScOUSE: 
Other Q sp ec ily _
Domestic □  Stock 0  
P r a d u e  c L o n _________
Irrigation □
1  TYPEOFWOflK; 
New wed 
Oeeoened 
flecondilioned
DC
G
Q
Method: Dug 
Cable 
Notary
□  Gored □
G Driven 3
S  Jetted □
Ô. DIMENSIONS: Diameter ot Hole
Oia 9 - _  in. Irom C . L .
Oia._____________ in. Irom __________
_______ in. Irom __________Oia..
, It. to . 
. It. t o . 
. It. t o .
MO'5 -
7. CONSTRUCTION DETAILS:
Casing; Steel Oia 8 ' ‘ I 0 trom '*~lf It to 1 2 5 ' 5 f[.
TTireadcd O Welded Gt Oia. Irom________ It. to   ll_
Type____________ Watt Thickness_________
Casing: Piastre Oia__________from________ It. to________ It.
Weight_______________  Oia______ from________ It. lo________ It.
PERFORATIONS: Yes G  N oQ
Type ol perforator used
Size cl perforations____________________ in, by____________________ in.
. perlorationslrom. 
. perforations Irom. 
, perforations Irom.
.It. to , 
.It. to . 
.It. to .
SCREENS: Yes 0
Manufacturer's N am e________
Type________S c a t n l e s s
Ola. A" Slot size _ 1 2 j
O it  Slot s i n ________
NoG
HOUSTON
.from.
.Im m .
. Model No________________
_ L 2 1 l 5 f r  10 -1-4Û*5 It. 
_________ II. to __________ fl.
GRAVEL PACKED: 
Gravel placed Irom.
Yes 0  No 0 Size of gravel. 
. ft. to ________
GROUTED: To whal depth? 2 0 _________It.
Material used in grouting b e n to n ite  su r fa ce  s e a l
ht Recovery water level . 
gumoing stooped.
Welts intended lo yield lOO gpm or more shall be rested tor a penod of 3 
hours or more. The test strait loilow the development ol ihe welt, and shall be 
conducted coniinuousiy it a constant discharge at ieasi as great is  the in. 
tended appropriation. In addition lo Ihe above information, water'evel data 
shill be collected and recorded on Ihe Oepanmenl's "Aquiler Test Data* 
form.
NOTE: All wells shall be equipped with an access port 'h inch minimum or 
1 pressure gauge that will indicate the shut-in pressure ol a flowing well. Re­
movable caps are acceptable as access pods.
11. WA3 'WELL PLUGGED OR ABANDONED?. 
II yes. tiow?____________'
.Yes. .No
t l  WELL LOG 
Depth (II.) 
From To Formation
8 7
9 1
9 6
102
124
37
91
9 6
102
124
1 4 0 - 5
3 L a c k  D i c e  & G r a v e l
C l a y ,  G r a v e l  & B o u l d e r s
C l a y .  G r a v e l  6 W a c e c
C l a y
C l a y  & G r a v e l
C l a y .  S a n d .  & G r a v e l  w I c h
s e e p s  o f  v r ac e c
C l a y .  S a n d .  G r a v e l  & W a c e r
A WELL HEAD COMPLETION:
Pitless Adapter 0  Yes 0  No
3. PUMP (if installed) 
Manufacturer s nam e. 
Type______________
inacM aoornoMii shehs if HtctssAflr
. Model No. .HP.
13. DATE COMPLETED, May 1 7 ,  1994
to. ‘«ELL TEST DATA
The information requested in this section is required lor all wells. All depth 
moasurements shall be Irom Ihe top ot the well casing.
All welts under tOO gpm m ust be tested for a minimum of one hour and pro­
vide tho following information:
a) Air_______________ Pump____x__________ Bailer ____________
b) Static wafer level immediately before testing 5 3 It. il (low­
ing; closed in pressure psi. gpm.
14. OfllLLER/CONTRACTOR'S CERTIFICATION
This well was drilled under my jutisdiclion and Ihis report is true lo the best ol 
my knowledge.
J u n e  1 7 ,  1994
CAMP WELL CR ILLI NC & PUMP SUPPLY
Flow controlled by:. 
other, (specify).
. valve,, . reducers,.
c) Depttf at which pump is seUor te s t . 
d| The pumping rale:.
Pumping water tcvct. 
pumping began.
Mi.
gp m .
_  II. at , .hrs. aller
Flimrrifflt
1 5 2 2 IOsCh M i s s o u l a  . MT 5 9 3 0 1
T ^ M .
Signaiui*
M O N T A N A  D E P A H T M E N T  O F  N A T U R A L  R E S O U R C E S  Sr C O N S E R V A T f O N
1S30 EAST SIXTM AVgNVE w eU EN A . MOMTAMA $@#30*3301 444-aato DNRC
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t o c m  t : j  ( R S / 9 3 ) W E Iil. L O G  R E P O R T r i i «  Mo.
JT A T I la : : ^ S U I R Z â  THIS REPORT BE F IL IP  3Y THE DRILLER WITH THE CEPAflTWEMT WITHIN 50 DAYS AFTER WELL CCHFLETICS'.
I .  HELL OHMBK NAME:
U r i ' .v * r s ic y  o f  M o r ia n a
2 . CURRENT H A IL IN G  ACORES3: Hi.'JO’jLi, HT. 5?fl2__
WELL LOCATION:N" :/< NX 1/; 1 /4  SECTION
T l - r :  - J N  R C c :  1 9
CC,‘. 'T  LOT__________ o c  LOT _________
S L = : :v r 3 IO K  MW-C _LoOo» B u i l d i r j _
CNTY: M ia o o u L t
TRACT/BLK
7RDPOSE0 USE:
COMESTIC 
OTHER:
STOCK 
I r . i - i o t c i a l ______
IR R IG A T IO N
TYPE o r  WORK:
■/ flEM WELL "ZTH  
DEEPENED 
  R ECC XDITICrXD
DIG
CA3LE
ROTARY
BORED
D R IV E N
JETTED
qp™
C) DvpCh pump i »  s*C  t o e  t« 3 C : 94 fC
Dl Th« pum ping c » C *: 935 ~
El Pum ping w «c«c l » v » l  a j  z z .
ac h o u rs  a fc a c  pum ping b e g a n .
F l D u c a c lo n  o f  c e s c ;  Pum ping c im e _ _ T ^ ^ _ h o u r s  
G) R e c o v e ry  c im e : Im m é d ia te  h o u rs  
HI R e c o v e ry  w a te r  l e v e l  T T "  f t
ac _________  h o u rs  a f t e r  pum ping  s to p p e d .
W e l ls  in te n d e d  t o  y i e l d  100 GPM o r  m ore s h a l l  be
t e s t e d  f o r  a p e r io d  o f  9 h o u rs  o r  m o re . T h e  t e s t  
s h a l l  f o l l o w  th e  d e v e lo p m e n t o f  th e  w e l l ,  an d  s h a l l  
be c o n d u c te d  c o n t in u o u s ly  a t  a c o n s ta n t  d is c h a r g e  a t  
l e a s t  as g r e a t  as th e  in te n d e d  a p p r o p r ia t io n .  In  
a d d i t io n  t o  th e  ab o ve  in f o r m a t io n ,  w a te r  l e v e l  d a ta  
s h a l l  b e  c o l l e c t e d  and r e c o r d e d  on th e  D e p a r tm e n t 's  
A q u i f e r  T e s t  D a ta  fo rm .
NOTE: A l l  w e l l s  S h a l l  b e  e q u ip p e d  w it h  an acc e s s
p o r t  1 /2  in c h  m inim um  o r  a p r e s s u r e  g au g e c h a t  w i n  
i n d i c a t e  t h e  s h u t - i n  p r e s s u r e  o f  a f lo w in g  w e l l . 
R e m o vab le  c a p s  a r e  a c c e p ta b le  is  a c c e s s  p o r t s .
DIM ENSIO NS: D ia r .a te r  o f  th e  h o le
P I.-.:  1 0 _  i r . .  fro m   G - L .  f t .  to
[  I . - : i r . . fro m  ___  f t .  to
1 1 . HAS WELL PLUGGED OR ABANDONED?
1 2 C 9 -  f t .  
“ f t  . 1 2 . WELL LOG: (D e p th  i n  F e e t  I
FROM -  TO FORMATION
7 .  CONSTRUCTION D E TA ILS :
C a r in g :  G t e e l :    T h re a d e d   X
T ,-p e : W a ll T h ic k r e s s
P i I .
O i l .  
C a r in g  :
P i  I .  
D ie .
r i  i r t i c :
ih .
Trcm  _ 
fro m  2  '
W e ig h t
*2 f t .
f t
W e ld ed  
“  .2 5 0to _i2r r  
t o  ~_______
TTT
f t .
0 4 Top S o i l
4 45 G r a v e l , B o u ld e rs
45 1 2 9 '9 "  G r a v e l ,  B o u ld e rs ,  W a te r
t o
t o
*rr.ft.
p e c f o r a t i t r . c  :   Yes X
T'j'pe T f  p e r f o c e t t r  u sed  ___
S i t e  I f  p e r f o r a t io n s
o e r f o r e t io n s  fro m  
p e r f o r a t io n s  fro m  
T  f e r  I
.n . by  
f t  to "  
f t  t o
■ f t .
f t .
S c re e n s  : _  ___
M e - ; f a c t u r e r  s Xame H u s to n ____________________________
T , - e  Ic e  in le s s  I t e e l   M odel * .  '
D ia .  _ lO _ s lo t  s i t e . 1 2 5 fro m  l l S * î " f t .  t o  1 2 9 "8 "
P i e . 2 2 s l o t  s i t e  fro m  ________f t .  t o  ________f t .
G r a v e l  r ic n e d :
Tes X No G ra v e l  s i t e  ___________________
G t i v e .  p la t * d " T : :4 e  ______________ f t  t o  f t .
G ro u te o :  To w hat o e o th ?  20 ~ f t .
M a t e r i a l  used ir .  g r o u t in g  B e n to n it e  S u r fa c e  S e a l_
A t t a c h  a d d i t i o n a l  s h e e ts ,  i f  n e c e s s a ry .
WELL HEAD COMPLETION;
P i t l e s s  A d ip t o r  ______ Yes
1 3 . DATE COMPLETED: Novem ber 1 1 , 1999
PUMP: ( i f  i n s t a l l e d l
M a * r f a c t u r e r ' s  name _________
T y ? e  __________________  M odel • W
1 4 . YELLOWSTONE CLOSURE AREA:
A t t a c h  s u p p le m e n t i d e n t i f y i n g  a p p l i c a b l e  i te m s .
1 0 :  WELL TEST DATA: m .. w r .w t w  u9l9* | |  b# l i e *  TW •< CM M i l  TODlAV. 
<m:J* vP.Cbt I#* 4M  mas#* 1# !*•< •«  f** e «éD lw * • !  M#
A l /. A i r  X   Pump
15. DRILLER/CONTRACTOR'3 CZRTiriCATION
m iD moll ##* 4*Él4oë I mf lovipëictiM *r4 «r«* •9»rB I* #*#* to 1*0 I
B) s t a t i c  w a te r  l e v e l  im m e d ia te ly  b e f o r e  t e s t
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: Ic w in g :
B a i l e r
i  c lo s e J - l n  p r e s s u r e _ p s i ,
D a ce: J a n u a ry  15 , 199?
F irm  Name; Camp W e ll  D r i l l i n g  1 Pump 3 u p p iy _  
A d d r e s s : 5 o u ^  1 4 th  S t .  W e s t, M is s o u la ,
M t .  5 9 9 j n / / /  y ? / /  / Ï  X
^ _____  47
S ig n a t u r e  ÏT c e n s e  No.
MONTANA DEPARDfENT OT NATURAL RKSOUCE3 AND CONSXRyATION  
1 3 2 0  E. «TE A V E ., TO BOX 2 0 2 3 0 1 ,  MMLDTA, N T , 3 9 « 2 0 - 2 3 0 1  THOME: 4 0 « - 4 4 4 - « « l0
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Appendix B 
Water Level Data
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Water Levels, ft
WQD ID M:Number Location
M easuring 
Point Elevation Date Head Elevation
Depth Below 
Measuring Point
WQD-29 M:151191 Madison Street 3191.38 6/22/99 3164.18 27.2
11/4/99 3155.48 35.9
WQD-31 M:151190 Blaine/Crosby (shallow) 3204.27 6/21/99 3144.38 59.89
11/4/99 3138.19 66.08
WQD-21 M: 157208 Blaine/Crosby (deep) 3204.1 6/21/99 3144.65 59.45
11/4/99 3138.55 65.55
WQD-32 M:69402 South/Bancroft 3193.56 6/23/99 3141.07 52.49
11/4/99 3135.71 57.85
WQD-6 M:151201 Larchmont (shallow) 3163.19 6/21/99 3131.48 31.71
11/4/99 3126.54 36.65
WQD-20 M:167210 Larch mont (deep) 3163.56 6/21/99 3131.53 32.03
11/4/99 3126.61 36.95
WQD-35 M:67037 Buckhouse Bridge 3149.09 6/28/99 3126.81 22.28
11/3/99 3122.19 26.9
WQD-10 M;151143 Emma Dickinson 3165.88
6/23/99 3145.11 20.77
11/3/99 3138.18 27.7
WQD-5 M:151200 Hawthorne School 3151.14
6/28/99 3139.13 12.01
11/3/99 3133.84 17.3
WQD-33 M:151189 Tower Street 3154.43
6/22/99 3131.24 23.19
11/3/99 3126.26 28.17
WQD-7 M:151101 Humble/Mount 3122.57
6/21/99 3113.79 8.78
11/4/99 3108.42 14.15
WQD-8 M:151161 C.S.Porter School 3169.67
6/22/99 3137.25 32.42
11/4/99 3132.57 37.1
WQD-30 M:69055 McCormick Park 3179.29
6/22/99 3153.86 25.43
11/3/99 3145.99 33.3
o\
Appendix C 
CFCs, H and Dissolved Gasses
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Sampling Methodology
CFC’s
CFC sampling proceeded in the following manner. First, the head was measured. 
Then, the well was pumped until three well volumes of water were removed and the 
redox, specific conductivity (SC), temperature and pH of the discharge were stable.
Next, a copper bailer apparatus was used for sampling. A check valve, designed 
to break at 10 feet below the water level, was fitted to one end of a 3/8 inch o.d., 30 inch 
long copper sample tube. The other end was attached to a 1 inch o.d., 20 inch long 
copper tube with an adaptor. The tubes were lowered with 0.25 inch flexible tubing from 
a reel. Another adaptor connected the flexible tubing and the 20 inch long copper tube. 
After reeling the tube up to the surface, the standing water level in the flexible tubing was 
checked. If the water level was visible and no bubbles were visible, no air bubbles were 
considered to be in the sample tube. Air bubbles in the sample tube will cause excess air 
contamination. The sample tube was sealed with refrigerator clamps approximately 1.5 
inch from the ends. Next, the adaptor was removed and the end capped with water-filled 
plastic caps to ensure no air bubbles were trapped in the ends. Then, the check valve was 
removed and the end capped the same way. Three copper sample tubes were used at each 
well.
H and Dissolved Gasses
Dissolved gasses were collected by two sampling methods. The copper bailer 
apparatus described above was used to collect dissolved gas samples during spring runoff 
conditions in 1999.
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Diffusion samplers were used to collect dissolved gas samples during baseflow 
conditions in 1999. Weights were attached to the sampler and then set at the desired 
depth. After 2-3 weeks, the gas concentrations in the diffusion samplers had equilibrated 
with those in the well. The samplers were then retrieved. Tritium samples were collected 
in glass bottles.
S ite A ge, yrs A g e  R a n g e , yrs
"He.err* (CCSTP/g) E xcess A ir  
(ccS T P /g )
Clark Fork R iver 0 0 0 0
McFCormick Park 1.7 0.7-2.7 1.30 X 10" 0
Em m a D ick inson -0.3 -1.3-0.7 2.80 X 10" 0.0019
H awthorne School -1.5 - 3 - 0 2.00 X 10" 0.0025
T ow er 1.6 0.6-2.6 1.70 X 10* 0.0026
H um ble/M ount 2.2 1.2-3.2 1.30 X 10" 0.0018
M adison 0.6 -0.4- 1.6 4.20 X 10'" 0.0005
B laine/C rosby-shallow 2.7 1.7-3.7 4.00 X 10" 0.001
South/Bancroft 0.4 -0.6- 1.4 2.00 X 10* 0.0023
L archm ont-shallow 4.6 3.6-5.6 1.60 X 10* 0.0011
L archm ont-deep 3.3 2.3-4.3 2.10 X 10* 0.0018
B uckhouse 3.2 2.2 -  4.2 5.00 X 10'̂ 0.0004
B uckhouse 2.5 1.5-3.5 3.50 X 10'̂ 0.0011
Tritium
Error
Site TU + Range, TU
Emma Dickinson 8.67 0.43 0.43 8.24 9.1
McCormick 8.9 0.4 0.4 8.5 9.3
South/Bancroft 9.1 0.5 0.5 8.6 9.6
Buckhouse Bridge 9.44 0.47 0.47 8.97 9.91
Gordon 9.47 0.47 0.47 9 9.94
Hawthorne School 10.1 0.5 0.5 9.6 10.6
Clark Fork River 10.2 0.5 0.5 9.7 10.7
Humble/Mount 10.31 0.52 0.52 9.79 10.83
Larchmont-shallow 12.1 0.6 0.6 11.5 12.7
Larchmont-deep 10.9 0.5 0.5 10.4 11.4
Fowler 11.2 0.56 0.56 10.64 11.76
Madison St 11.21 0.56 0.56 10.65 11.77
Tower St 12.06 0.6 1 11.46 13.06
Blaine/Crosby-shallow 12.38 0.62 0.62 11.76 13
CS Porter School 13.13 1.43 0.72 11.7 13.85
Chem/Pharm 10.1 N/A N/A
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CFC Data
CFC-11,
M: Number Location
CFC-12.
pmol/kg
CFC-11, CFC-12, A pparent CFC-12 Ratio CFC- 
11/CFC-12
151200 Hawthorne School 9.85 5.51 1352.996 666.2141 contaminated 1.8
151143 Emma Dickinson 6.61 4.63 907.9496 559.8133 contaminated 1.4
69055 McCormick Park 4.22 2.86 579.6592 345.8026 1989 1.5
151191 Madison Street 6.75 3.3 927.18 399.003 1999 2.0
151190 Blaine/Crosby (shallow) 6.3 7.5 865.368 906.825 contaminated 0.8
157208 Blaine/Crosby (deep) 5.4 7.94 741.744 960.0254 contaminated 0.7
151161 C.S.Porter School 6.45 75.05 885.972 9074.296 contaminated 0.1
151201 Larchmont (shallow) 10.69 77.68 1468.378 9392.289 contaminated 0.1
157210 Larchmont (deep) 9.34 15.93 1282.942 1926.096 contaminated 0.6
69402 South/Bancroft 6.78 5.62 931.3008 679.5142 contaminated 1.2
151189 Tower Street 13.79 18.99 1894.194 2296.081 contaminated 0.7
151101 Humble/Mount 35.03 51.39 4811.721 6213.565 contaminated 0.7
Clark Fork 3.88 3.38 532.957 408.676 1999 1.1
s
Dissolved Gas Data
Location N28 Ar40 Ne20 He4 R/Ra Comment
Gordon 0.019061196 0.000441156 2.34315E-07 1.15523E-07 0.536
Fowler 0.015025081 0000334943 1 91963E-07 7.92516E-08 0.697
South/Bancroft 0.017509106 0.000428118 2.54463E-07 4.69226E-08 0.662 Helium data is approximate
McCormick 0.194000000 0.002430000 4.16E-06 1.47E-06 0.899 Large bubble in sample
Holiday 0131505881 0001748123 2.54165E-06 8.59839E-07 0.906
Humble/Mount 001710116 0.000463259 2.2965E-07 6.669E-08 0.882
Emma Dickinson 0.015736588 0.000444546 1.86692E-07 5.55417E-08 0.873
CS Porter 0.015573245 0.000422443 2.10547E-07 8.48997E-08 0.640
Tower 0.016753984 0.000434555 2.51488E-07 7.46102E-08 0.721
Blaine/Crosby-shallow Leaked Leaked Leaked Leaked Leaked
Madison 0.021653526 0.000535472 3.08991 E-07 8.4481 E-08 0.859 Moderate amount of excess
Hawthorne 0.016117808 0.000456559 2.06696E-07 5.71387E-08 0.981
Larchmont-shallow 0.014349446 0.000404276 1.99813E-07 5.71604E-08 0.878
Blaine/Crosby-deep 0016587779 0.000404696 2.15388E-07 1.1707E-07 0.479
Larchmont-deep 0.016429846 0.000420308 2.26561 E-07 7.89384E-08 0.737
Clark Fork 0.013671652 0.000369844 1.83818E-07 4.8322E-08 0.963
W ater sam ples from spring runoff conditions. 1999. C oncentrations in ccSTP/g
Location XN28 XAr40 X032 XKr84 XNe20 XHe4 R/Ra
Buckhouse 8.37E-01 9.77E-03 1.53E-01 7.26E-07 1.71E-05 5.78E-06 0.982
Buckhouse 8.53E-01 989E-03 1.34E-01 6.45E-07 1.67E-05 5.73E-06 0.965
McCormick 985E-01 1.13E-02 1.35E-05 7.91 E-07 2.00E-05 8.20E-06 0.798
South/Bancroft 863E-01 9.46E-03 1.27E-01 7.03E-07 1.78E-05 7.90E-06 0.733
Humble Mount 852E-01 9.55E-03 1.34E-01 6.54E-07 1.74E-05 6.89E-06 0.843
Emma Dickinson 9.74E-01 1.10E-02 1.49E-02 6.16E-07 2.06E-05 1.01E-05 0.656
C S. Porter 8.78E-01 9.87E-03 1.12E-01 7.14E-07 1.81E-05 9.66E-06 0.634
Tower 8.91E-01 9.78E-03 9.88E-02 7.51E-07 1.87E-05 7.84E-06 0.802
Blaine/Crosby-shallow 965E-01 1.10E-02 2.44E-02 7.76E-07 1.94E-05 1.12E-05 0.593
Blaine/Crosby-deep 9.64E-01 1.10E-02 2.55E-02 7.99E-07 1 98E-05 1.36E-05 0.486
Madison 8.97E-01 1.08E-02 9.17E-02 7.41 E-07 1.84E-05 1.11E-05 0.540
Hawthorne 9.06E-01 1.00E-02 8.38E-02 7.30E-07 1.91E-05 6.38E-06 0.941
Larchmont-shallow 8.86E-01 9.96E-03 1.04E-01 5.44E-07 1.74E-05 7.26E-06 0.851
Larchmont-deep 9.11E-01 1.02E-02 7.91 E-02 5.11 E-07 1.86E-05 8.30E-06 0.773
Chem/Pharm (160 ft) 8.60E-01 1.02E-02 1.30E-01 6.81 E-07 1.81E-05 9.77E-06 0.585
Chem/Pharm (185 ft) 9.51 E-01 1.12E-02 3.80E-02 7.32E-07 1.99E-05 1.13E-05 0.561
Diffusion Sam plers from baseflow  conditions, 1999. Values above are dry volume fractions In equilibrium with w ater sam ple.
Septic Effluent CFC-12 Concentration Calculation
The following describes the method by which the CFC-12 concentration in septic 
effluent was calculated for the Missoula Aquifer.
First the study area’s surface area was divided into NE and SW sections. The 
division was based on an order of magnitude difference in CFC-12 concentrations seen 
between the two sections. Then, each section’s surface area was estimated by overlaying 
a transparency grid, counting squares and multiplying the number of squares by the unit 
surface area.
Surface Areas
Total surface area 3.82E X 10® f t^
NE section surface area 1.85E X 10® f t^
SW section surface area 1.97E X 10® I f
Second, within each section, the aquifer depth was split midway between the two 
perforated intervals of each section’s well nest (SW — Larchmont well nest, NE -  
Blaine/Crosby well nest). The split was based on differences between the deep well’s 
CFC-12 concentration at each section’s well nest and the average CFC-12 concentrations 
of each section’s shallow wells. Then, using each the depth of each aquifer fraction and a 
porosity of 0 .2 , water volumes for the upper and lower aquifer fractions of each section 
were estimated.
Water Volumes of the Aquifer Fractions
Upper aquifer, NE section 1.57E x 10 °̂ L
Lower aquifer, NE section 5.77 x 10 °̂ L
Upper aquifer, SW section 1.67 x 10 °̂ L
Lower aquifer, SW section 1.17 x 10̂  ̂ L
Third, the CFC-12 mass in the aquifer was estimated. For each of the four aquifer 
fractions, the CFC-12 mass was calculated using the aquifer fraction’s average CFC-12
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concentration; the total CFC-12 mass of the aquifer was estimated by summing the four 
CFC-12 masses and equaled 4.02 x 1 0 "' kg.
Spatial average CFC-12 concentrations
Avg CFC-12, NE, upper, 5.58E x 10̂  pg/kg
Avg CFC-12, NE, lower, 9.60E x 10̂  pg/kg
Avg CFC-12, SW, upper, 6.74E x 10̂  pg/kg
Avg CFC-12, SW, lower, 1.93E x 10̂  pq/kq
Fourth, the portion of the aquifer’s CFC-12 mass contributed by the Clark Fork 
River was calculated and subtracted from the total CFC-12 mass in the aquifer. The 
fraction of the aquifer’s water volume, contributed by the Clark Fork River, was 
estimated to be 83% (Miller, 1991) or 1.72 x lO" L. The CFC-12 concentration of the 
Clark Fork River was measured to equal 4.08 x 10  ̂pg/kg. Then, the aquifer’s CFC-12 
mass contributed by the Clark Fork River, was estimated to be 5.95 x 10'  ̂kg. The 
difference between the aquifer’s total CFC-12 mass and the Clark Fork River’s 
contribution equals 4.02 x 10"' kg. This residual was considered the estimated CFC-12 
mass contributed by sewage.
Fifth, the septic effluent CFC-12 concentration was calculated. The average total 
sewage discharge/day for the study area was estimated to equal 836,564 gallons or 
3,168,802 L (based on an average discharge of 200 gal/d (Ver Hey, 1987) and 4,186 
unsewered units in the study area). The CFC-12 mass contributed by sewage was divided 
by the average total sewage discharge/day to yield the estimated septic effluent CFC-12 
concentration: 1.27 x 10̂  pg/kg.
This is the estimated CFC-12 concentration in septic effluent necessary for the 
study area’s 4,186 unsewered units to add the CFC-12 mass contributed by sewage (4.02 
X 1 0 "' kg) to the aquifer in one day.
This calculation described in an equation format would be:
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— 1 2  _ effluent —
[CFC-12],)
,=i
0.83 * [C F C -12]™
,=i
{ D  * n u m b e r  _ o f  _  u n s e w e r e d _  u n i t s )
Where 1 = NE portion of the upper aquifer (L), 2 = NE portion of the lower 
aquifer (L), 3 = SW portion of the upper aquifer (L) and 4 = SW portion of the lower 
aquifer. V = water volume (L). D = average septic discharge (L)/unit/day.
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Tertiary Recharge
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Appendix D describes the construction and use of the well packing device that 
aided in measurement of head differences between the Missoula Aquifer and the 
underlying Tertiary sediments. Finally, water level measurements made while the packer 
was in place are listed (Table A.l).
Construction and Use of the Well Packing Device
The packing device was constructed in the following manner (Fig. A.l). To 17 
inches of 4 inches i d. schedule-40 pvc pipe, 3 reducers were attached with pipe cement 
to reduce to 1.0 inches. A 4 inch inner tube was fitted around the 6  inch o.d. pipe and up 
against the reducers with silicone caulk. A hole was drilled in the 6  inch o.d. pipe for the 
inner tube stem to fit through. A 0.25 inch hole was drilled through the largest reducer, 
through which 0.25 inch o.d. flexible tubing was inserted and attached to the inner tube 
stem with silicone caulk and a hose ring. The inner tube stem had the needle valve 
removed.
Before lowering the packing device into the well, the inner tube was deflated with 
a peristaltic pump to ensure the device would fit down the well casing. When at the 
desired depth, the inner tube was inflated with a bicycle pump. The surface end of the 
flexible tubing had a needle valve adaptor attached. A hose clamp sealed the tubing to 
the adapter.
The packing device was lowered to the desired depth by attaching 20’ lengths of 
schedule-40, 0.25 inch o.d., belled coupling, pvc pipe with pipe cement. The joint was 
allowed to dry 6  minutes and supported over the well by resting the belled coupling on a 
plywood jig. Then the packing device and pipe were lowered and allowed to rest on the 
jig while the next length of pipe was attached. A safety line was tied to the packing
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o
Nylon safety line ru 
to surface.
3/8" air line runs to surface
Innertube attached to reducer with 
silicone caulk.
4" diameter schedule 40 pvc pipe
1/4" schedule 40 belled coupling pipe
Reducers
Innertube stem attached to air line with 
caulk and hose ring.
Figure A.1; Cross-section of Weii Packer
device and let out along with the flexible tubing as the packing device was lowered. The 
safety line and flexible tubing were taped to the lengths of pipe with duct tape.
To remove the packing device, the inner tube was deflated with a peristaltic 
pump. As the packing device was pulled up, each belled coupling was fitted into the jig 
and a length of pipe was sawed off.
The well was considered sealed when the inflated packing device could not be pulled up. 
The water level inside the 0.25 inch pipe was considered to be the head in the Tertiary 
formation; the water level in the well casing was considered to be the head in the 
Missoula Valley Aquifer. After the packer was set at the desired depth, the water levels 
were allowed to equilibrate before measuring the head. Table A.l lists the water levels in 
the Missoula Aquifer and what was considered to be the Tertiary formation.
Table A.1: Depth to Water
Measurement Time Tertiary Missoula Aquifer Difference
1 N/A 83.5781
2 N/A 83.5156
3 3:21 PM 83.5365 82.8802 -0.6563
4 3:45 PM 83.5521 82.7969 -0.7552
5 3:59 PM 83.5260 82.8906 -0.6354
Average -0.6823
All measurements listed in feet from top of casing. Date: 4/5/00 at the 
Chem/Pharm well located on the University of Montana campus between the 
Health Science Building and Pharmacy Extension.
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River Recharge Pulse Tracer Test
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River Recharge Puise Tracer Test
Sampling Methodology
At the Music and Lodge buildings, samples were taken from faucets on the supply 
lines running between the supply well and respective building. The wells are part of a 
geothermal cooling system and run continuously during the day from late spring through 
summer. Therefore, the sample’s chemistry was considered to be representative of the 
groundwater chemistry and unaffected by the well casing.
Depth integrated sampling was performed at a location on the south shore and 
east side of the walking bridge that spans the irrigation ditch on the north side of campus 
(NWB). This water was considered to be representative of the Clark Fork River.
At each site two, acid-washed, 250-ml bottles, pre-filled with millique (MQ) 
water, were used to collect samples. The bottles were rinsed twice with sample and then 
filled. One bottle was measured for specific conductance (pmhos/cm) with a specific 
conductivity (SC) meter in the field and lab. At the lab, Scimple from the second bottle 
was syringe-filtered with a 0.4 ;m filter and then analyzed for F", Cl", NO3 ' and 8 0 4 *̂. 
Anion analysis was performed with a Dionex DX-500 ion chromatograph.
QA/QC
The SC meter precision was determined by measuring specific conductance of 
five replicate samples taken on 7/24/00 at the NWB site (Table A.2). The relative 
standard deviation (mean/standard deviation) was 1.229%.
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Table A.2: SC Meter Precision Data
T D S  in F ield T D S  in L ab
B o ttle  # m S/cm ppm m S/cm  ppm %  D ifference*
1 0 .2 4 4 122 0 .233  116.5 4.508%
2 0 .245 122.5 0 .22  110 10.204%
3 0 .2 4 0 120 0 .238  119 0.833%
4 0 .2 3 8 119 0 .242  121 1.681%
5 0 .2 4 0 120 0 .2 4 2  121 0.833%
average 0 .2 4 1 4 120.7 0 .235  117.5 3.612%
stdev 0 .0 0 2 9 6 6 1 .4832397 0 .0 0 9 1 6 5  4 .5 8 2 5 7 5 7 3.982%
% rel stdv 1.229% 1.229% 3.900%  3.900% 110.251%
* % D ifference B etw een  Field and Lab M easurem ents 
Since sampling was not performed at the same time each event, the homogeneity 
of specific conductcince values of the river throughout the day was tested. Eight samples 
were taken throughout the day on 7/25/00 (Table A.3).
T a b le  A .3: S p ec ific  C o n d u cta n ce  H o m o g en e ity  o f  th e  C la rk  F o rk  R iv er  on  7 /2 5 /0 0
T D S  in F ield T D S  in L ab
m S /cm ppm m S/cm ppm %  D ifference*
8:07 AM 0.243 121.5 0 .237 118.5 2.469%
10:00 A M 0 .245 122.5 0.241 120.5 1.633%
11:00 A M 0.235 117.5 0 .235 117.5 0.000%
12:00 PM 0.2 4 4 122.0 0 .2 4 5 122.5 0.410%
1:00 PM 0.243 121.5 0 .243 121.5 0.000%
2:00  PM 0 .2 3 7 118.5 0 .237 118.5 0.000%
4:00  PM 0 .2 3 9 119.5 0.241 120.5 0.837%
8:30 PM 0.242 121.0 0 .2 4 2 121.0 0.000%
average 0.241 120.5 0 .2 4 0 1 2 5 120.0625 0.669%
stdev 0 .0 0 3 5 8 6 1.7928429 0 .003441 1.7204132 0.930%
rel stdev 1.488% 1.488% 1.433% 1.433% 139.110%
* % D ifference B etw een Field and Lab M easurem ents
The relative standard deviation was 1.488%, indicating that time of day had a 
negligible effect on river specific conductance values. The homogeneity of specific 
conductance values was not tested for at the Lodge and Music Building wells.
To encompass 95% of the variability of the meter and river, two standard 
deviations, or an error of 3%, was used for the error bars of the TDS values.
To test the accuracy of the SC meter, the method for determining TDS from 
Standard Methods For the Examination of Water and Wastewater (American Public 
Health Association, 1989) was used. The five replicate samples described above were
II
used. Three, clean 500-mI beakers and one clean 300-ml beaker were used. After 
preheating the beakers for 20 minutes at 180®C to drive off any residual moisture, the 
beakers were allowed to cool in a dessicator. When cool, each beaker was marked and 
then weighed. After each beaker was placed on the scale, it was only handled wearing 
rubber gloves. Body oils will noticeably affect the beaker weight. Next, each replicate 
sample was syringe-filtered with a 0.45 :m filter into an assigned beaker. The (beaker + 
sample) weight was recorded. Then, still wearing gloves, each beaker was put in an oven 
to dry overnight at 180°C. The oven door was left slightly ajar to permit the moisture- 
saturated air to escape. The next morning, each beaker was removed and set in a 
dessicator to cool. Rubber gloves were still used when handling the beakers. After 
cooling, each beaker was weighed while wearing gloves. TDS in ppm was calculated by 
the following formula:
T D S (ppm ) = ((beaker + solids) -  beaker)/ sam ple volum e  
TDS concentrations were converted to specific conductance values by multiplying by 500 
(Table A.4)
B eak er H 2O B ea k er  + F ield  T D S , L ab T D S ,
S a m p le  # W t, m g V o l., L S o lid s, m g T D S , ppm ppm ppm
1 130,008.8 0 .21605 130 ,044 .9 167.0910 122.0 116.5
2 224,744 .1 0 .22213 2 2 4 7 8 2 .9 174.6725 122.5 1 10.0
3 229 ,057 .3 0 .21993 2 2 9 0 9 4 .9 168.6900 120.0 119.0
4 2 2 0 ,9 9 8 .8 0 .2 2 9 7 8 2 2 1 ,0 4 0 .2 180.1723 119.0 121.0
A verage 172.6565
Stdev 5 .979415
% Rel. Stdev 3.463%
These values were plotted against the values measured during sampling (Fig. A.2).
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Figure A.2: Instrument vs. Analytical TDS
Linear regression was performed on the data set. The value was 0.2108 indicating the 
two sets of values were not correlated and the SC meter has poor accuracy.
This limited QA/QC analysis assessed the validity of the measured river specific 
conductivity values. From the limited QA/QC analysis the following conclusions are 
made:
• The SC meter is very precise, but very inaccurate.
• The time of day does not have a significant effect on the measured river specific 
conductance values.
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Date Sample F Cl NO2-N NO3-N PO4-P SO4
Lodge Blank BMDL BMDL BMDL BMDL BMDL BMDL
NWB Blank BMDL BMDL BMDL BMDL BMDL BMDL
R/1 i/nn Music Blank BMDL BMDL BMDL BMDL BMDL BMDLiJI 1 Lodge 0 14 2.95 BMDL 0.31 BMDL 19.41
Music BMDL 2.68 BMDL 0.30 BMDL 18.28
NWB 0.04 104 0.00 0.06 0.00 9.59
Lodge 0.17 3.01 BMDL 0.29 BMDL 18.04
6/8/00 Music 0.16 2.60 BMDL 0.28 BMDL 14.69
NWB 0.10 BMDL BMDL BMDL BMDL 8.89
Music 0.16 2.65 BMDL 0.03 BMDL 16.56
6/14/00 Lodge 0.19 3.08 BMDL 0.28 BMDL 21.07
NWB BMDL BMDL BMDL BMDL BMDL 12.58
6/16/00 NWB BMDL BMDL BMDL BMDL BMDL 11.45
Lodge 0.21 3.05 BMDL 0.29 BMDL 20.24
6/21/00 Music 0.17 2.64 BMDL 0.29 BMDL 15.98
NWB BMDL BMDL BMDL BMDL BMDL 12.96
Lodge 0.24 3.30 BMDL 0.27 BMDL 17.66
6/27/00 Music 0.21 2.51 BMDL 0.26 BMDL 13.78
NWB 0.05 1.10 BMDL BMDL BMDL 12.61
Lodge 0.24 2.83 BMDL 0.27 BMDL 16.50
7/11/00 Music 0.22 2.49 BMDL 0.27 BMDL 13.15
NWB 0.16 1.46 BMDL BMDL BMDL 16.09
Lodge 0.15 2.50 BMDL 0.29 BMDL 16.57
7/13/00 Music 0.14 2.19 BMDL 0.28 BMDL 13.20
NWB 0.13 1.27 BMDL 0.02 BMDL 18.03
Lodge 0.15 2.45 BMDL 0.28 BMDL 16.48
7/14/00 Music 0.14 2.20 BMDL 0.29 BMDL 13.24
NWB 0.14 1.21 BMDL 0.02 BMDL 17.52
Lodge 0.15 2.42 BMDL 0.27 BMDL 16.32
7/16/00 Music 0.15 2.19 BMDL 0.28 BMDL 13.13
NWB 0.14 1.26 BMDL 0.02 BMDL 18.32
Lodge 0.16 2.77 BMDL 0.28 BMDL 16.13
7/19/00 Music 0.16 2.54 BMDL 0.29 BMDL 13.21
NWB 0.26 1.56 BMDL BMDL BMDL 17.42
Lodge 2.8 0 0.36 15.6
7/20/00 Music 2.6 0 0.37 12.8
NWB 1.7 0 0.00 17.7
7/21/00 Lodge 2.9 0 0.36 15.6
Music 2.6 0 0.36 12.8
NWB 1.5 0 0.00 15.5
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Date Sample
Field TDS 
mS/cm ppn
Lab TDS 
mS/cm PC
5/11/00
Lodge
Music
NWB
0.29
0.3
145
150
0.316
0.332
0.184
158
166
92
6/8/00
Lodge
Music
NWB
0.352
0.326
0.182
176
163
91
0.346
0.325
0.189
173
162.5
94.5
6/14/00
Music
Lodge
NWB
0.296
0.307
0.2
148
153.5
100
0.301
0.327
0.185
150.5
163.5
92.5
6/16/00 NWB 0.188 94
6/21/00
Lodge
Music
NWB
0.332
0.318
0.208
166
159
104
0.338
0.316
0.201
169
158
100.5
6/27/00
lodge
music
NWB
0.304
0.295
0.2
152
147.5
100
0.304
0.287
0.206
152
143.5
103
7/11/00
lodge
music
NWB
0.305
0.284
0.238
152.5
142
119
0.298
0.278
0.229
149
139
114.5
7/13/00
lodge
music
NWB
0.288
0.289
0.227
144
144.5
113.5
0.302
0.278
0.228
151
139
114
7/14/00
lodge
music
NWB
0.29
0.272
0.241
145
136
120.5
0.279
0.282
0.235
139.5 
141
117.5
7/16/00
lodge
music
NWB
0.307
0.284
0.238
153.5
142
119
0.148
0.275
0.243
74
137.5
121.5
7/19/00
lodge
music
NWB
0.299
0.285
0.236
149.5
142.5 
118
0.305
0.284
0.242
152.5
142
121
7/20/00
lodge
music
NWB
0.307
0.294
0.233
153.5 
147
116.5
0.283
0.29
0.223
141.5 
145
111.5
7/21/00
lodge
music
NWB
0.298
0.29
0.234
149
145
117
0.293
0.288
0.228
146.5
144
114
116
Appendix F 
Vertical Gradients
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Head Differences and Discharge: Blaine/Crosby and
Larchmont Well Nests
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Blaine/Crosbv Head Differences and Clark Fork River Discharge
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Larchmont Head Differences and Clark Fork River Discharge
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Head Difference and Discharge Including Previous 10 
Days: Blaine/Crosby Well Nest
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Larchmont Well Nest: 8 /18/98
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Head Differences and Inorganic Ion Concentrations:
Blaine/Crosby Well Nest
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Blaine/Crosby [Ca] and Head Differences
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Blaine/Crosby [Cl] and Head Differences
«
I
I y
- 8.00
7.00
9.00
6.00
5.00
4.00
3.00
-H e a d  D ifference
sh a llo w
d e e p
2.00
- 1.00
0.00
Blalne/Crosby [SO4 ] and Head Differences
25.00
2.5
20.00
t£
ÿ 15.00
a
I V - 10.000 .5
■ 5.00
-0 .5
0.00
^ o  o
i
♦— Head Difference
—  S04.shallow
—  S04.deep
133
Head Difference, It
6
6/10/96
8/10/96
10/10/96
12/10/96
2/10/97
4/10/97
6/10/97
8/10/97
10/10/97
12/10/97
2/10/98
4/10/98
6/10/98
8/10/98
10/10/98
12/10/98
2/10/99
4/10/99
6/10/99
8/10/99
10/10/99
12/10/99
2/ 10/00
4/10/00
6/10/00
I '
6/1/98
/ 3/17/97
5/21/97
2/ 17/99
6/21/99
6/21/00
8/21/97
11/19/97
3/11/98
HCOs, ppm
w  
‘H
Head DHteicnĉ  ft
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Larchmont [Ca] and Head Differences
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Appendix G 
Numerical Profile Model
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Numerical Profile Model
A numerical profile model was constructed and calibrated that simulated flow in 
cross-section along a flow line starting near the Madison St. well, roughly paralleling 
Brooks St. and ending at the Bitterroot River near the Buckhouse Bridge. This model is 
calibrated to flow conditions observed during 6/99 sampling.
Model Construction 
The model was constructed using Visual ModFlow 2.8.2.22®; a version of the 
USGS 3-D groundwater flow model, MODFLOW (McDonald and Harbaugh, 1988) with 
graphical user interface features. It was chosen because it is popular and has particle 
tracking capabilities. This aquifer was simulated as unconfined.
Model Grid
MODFLOW (McDonald and Harbaugh, 1988) uses a block-centered grid system. 
Head is calculated at the middle of each cell. The model grid size was 20,944 ft along the 
y-axis by 175 ft along the x-axis and 1 layer thick. The cell dimensions were 5 ft wide 
by 162.15 - 660 ft long. Cell widths of 5 ft minimized error in the simulated water levels 
without being restricted by memory requirements. Cell lengths of 660 ft were used 
throughout the model except when cells were shortened to end at watertable elevation 
contours and represent the widths of the Bitterroot and Clark Fork Rivers. The final grid 
had 70 rows and 41 columns.
Aquifer Geometry and Boundary Conditions 
The depth to aquifer bottom was interpreted from Figure A 3. Cells below the 
interpolated aquifer bottom were made inactive to simulate the tight Tertiary sediments. 
The cells above the interpolated potentiometric surface resided were also made inactive.
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Figure A.3: Aquifer Base Elevation (ft) Map
To simulate leakage from the Clark Fork River, a constant head boundary was 
used. The water table elevation beneath the Clark Fork River was set to the measured 
water level in the Madison St. well. The Bitterroot River, which gains from the aquifer 
was modeled with a constant head boundary (Clark, 1986). The stage of the Bitterroot 
River was set 2.3 ft lower than the measured water level in the Buckhouse Bridge well 
(Clark, 1986).
Hydraulic Properties
An initial hydraulic conductivity distribution was calculated in the following way. 
First, an estimated flux through the model cross-sectional area was calculated. The 
hydraulic conductivity value used in the flux calculation was reported by Miller, (1991), 
who performed pumping tests on a well near the Clark Fork River. Flux was assumed to 
be constant throughout the model. Finally, hydraulic conductivity values could be 
calculated from the estimated flux and the gradient and average saturated thickness for 
the model area between each pair of watertable contours in Figure 3.
Model Capabilities and Limitations
The model can be used to calculate velocities through the modeled area. Plumes 
from point sources cannot be simulated. MT3D (Zheng, 1990), a contaminant transport 
program, calculates the concentration at each cell as the average of every particle’s 
concentration in the specified cell. The model’s two-dimensional nature does not allow 
transverse dispersion to occur.
Sensitivity Analysis
To evaluate the error of the calibrated model results due to error of estimated 
aquifer parameters and saturated thickness, sensitivity analyses were performed for head.
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flux, vertical gradients at the Clark Fork River and average velocities. Hydraulic 
conductivity, porosity, saturated thickness and specific yield were varied over a 
reasonable range of values listed in Table A.4.
Table A 4: Variable Magnitude o f Change
Variable Magnitude o f Change
Hydraulic Conductivity +/- 50%
Porosity + 0.15, -0.1
Saturated Thickness +/- 10 feet
Specific Yield +/-0.1
Variables were changed one at a time while all others were kept constant.
Results of each sensitivity analysis are displayed in Figures A.4 — A.7. Average 
velocity was affected by hydraulic conductivity, porosity and saturated thickness. Flux, 
gradients and head were only affected by saturated thickness. Specific yield did not 
affect any of the model results.
Finally, the lowest and highest possible velocities were simulated by changing 
variables by the magnitudes listed in Table A.5 and calcualted by particle tracking.
Variable Lowest Velocity Highest Velocity
Hydraulic Conductivity - 50% + 50%
Porosity + 0.15 -0.1
Saturated Thickness + 10ft - 10ft
The results of simulating the lowest and highest minimum velocities are compared to the 
calibrated model and displayed in Table A.6 .
Simulation Velocity, ft/d
Lowest velocity 28
Calibrated model 90
Highest Velocity 369
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Figure A.5: Sensitivity of Water Levels and Flux to Variations of Saturated Thickness
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F ig u re  A.6: S en s itiv ity  o f F lux to  V a ria tio n s  o f S a tu ra te d
T h ickness.
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Groundwater age profile in days for calibrated model. Bitterroot River and area approximately 100 ft upgradient are shown 
Inactive region is dark and bounds water table. Dotted rectangle is a constant head boundary representing the Bitterroot
River. Contours represent grourxlwater age in days
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G ro u n d w a te r  a g e  p ro file  fo r c a lib ra te d  m o d e l. B la in e /C ro sb y  w ell n e s t  a n d  a r e a  ap p ro x im a te ly  130  f t  d o w n  a n d  u p g ra d ie n t
a r e  sh o w n . In a c t iv e  r e g io n  Is d a rk  a n d  b o u n d s  w a te r  ta b le . C o n to u rs  r e p r e s e n t  g ro u n d w a te r  a g e  in d ay s .
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Groundwater age profile for calibrated model. Madison site and area approximately 130 ft down and upgradient are shown 
Inactive region is dark arxJ bounds water table. Dotted rectangle is a constant head boundary representing the Clark Fork
River. Contours represent groundwater age in days.
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